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Abstract

The New-Keynesian transmission mechanism of monetary policy has clear implications
for the behavior of the labor share. In the basic version of the model, the labor share is
negatively related to the price markup and hence is pro-cyclical conditional on monetary
policy shocks. However, little empirical evidence is available on the effect of monetary policy
on the labor share and its components. We present a comprehensive cross country empirical
analysis and find that the data are at odds with the theory. Cyclically, a monetary policy
tightening increased the labor share and decreased real wages and labor productivity during
the Great Moderation period in the US, the Euro Area, the UK, Australia and Canada.
We then examine models allowing for a wide range of nominal and real rigidities that are
important to separate the dynamics of the markup and the labor share. We show that models
that do a good job at reproducing the responses of real variables to a monetary policy shock
are unable to reproduce the responses of the labor share observed in the data.
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NON-TECHNICAL SUMMARY

The mechanisms through which monetary policy (MP) affects inflation and real
economic activity are central to macroeconomics. During the past few decades, New
Keynesian models have constituted the dominant view of that transmission mechanism.
In those models, MP affects inflation and real economic activity through the effect of
interest rate changes on firms’ mark-ups over marginal costs of production. Changes in
mark-ups have a redistributive effect between labour and profits. The essence of that
mechanism in its simplest version is as follows: when prices cannot adjust immediately,
a monetary policy contraction that reduces demand implies that prices are too high
relative to optimal because firms cannot lower prices to adjust to the fall in demand;
since prices are above optimal, firms are charging a higher mark-up after the
contractionary MP surprise. Since mark-ups rise, the labour share of income falls and
the profit share (mark-ups) increases. Thus, we would expect that, after a MP
contraction, cyclically, the labour share would fall.

In this paper we provide comprehensive evidence on the effect of MP surprises on the
labour share for five developed countries (Australia, Canada, EU, US, and the UK)
using state of the art econometric techniques. Contrary to the expected result from the
basic New Keynesian model, we find that, systematically, the labour share increases
cyclically after a MP contraction. This fact is robust to different countries, measures of
the labour share, sample periods, econometric model specifications, shock identification
methods, and sectors. The reason why the labour share increases is because real wages
fall but labour productivity falls more than real wages. Since the labour share is simply
the ratio of the two, it increases after a contractionary MP surprise.

We then ask whether macroeconomic models widely used to analyse the effect of MP
on the economy are well equipped to reproduce that response. In more elaborate
versions of the New Keynesian model that incorporate different real and nominal
rigidities in the economy, the direct relationship between mark-ups and the labour share
breaks down. Hence, potentially, these models can generate a response of the labour
share in line with our data findings.

We analyse models incorporating a cost channel of MP, fixed costs of production,
different production functions, and search and matching frictions in the labour market.
The models are analysed numerically allowing for a wide range of behavioural and
market structure parameter combinations. Our analysis shows that, even in these more
elaborate versions, the models fail to reproduce the increase in the labour share after a
MP contraction that we observe in the data.



1 INTRODUCTION

Widely used structural models for monetary policy analysis that rely on price (and wage)
rigidities establish clear transmission mechanisms from monetary policy shocks to real eco-
nomic activity and inflation. One of the key mechanisms of transmission in these models
operates through the redistribution between labor income and firm’s profits (markups). In
the basic model, when prices are rigid, a monetary policy (MP) tightening should lead to an
increase in the markup and a decrease in the income share of labor as prices cannot react
immediately to the fall in demand. This effect reduces unit labor costs leading to a down-
ward pressure on inflation. For this transmission mechanism to be operative, MP shocks
should affect the cyclical behavior of the labor share in ways that are consistent with these
theoretical predictions. Despite its importance, studies on the effect of MP shocks on the
labor share are very scarce.!

Our first objective is to fill this gap and provide a cross-country comprehensive study on
the effects of monetary policy on the labor share. Using state of the art VAR identification
techniques for a set of five economies? we present a new and robust set of facts. Furthermore,
we look at the components of the labor share, namely real wages and labor productivity.
This is needed to identify the channels through which the labor share response operates.
Once we establish the empirical facts, we address our second objective. We ask the question:
are current models of economic fluctuations widely used for monetary policy analysis able
to jointly match the response of the labor share, real wages, and productivity? This is an
important question given the above mentioned reliance of models on specific MP transmission
channels.?

The main contribution of the paper is empirical. We uncover a new (and very robust) set
of stylized facts: cyclically, a MP tightening (easing) increases (decreases) the labor share
and decreases (increases) real wages and labor productivity.* These facts are robust across
time periods, different countries, different measures of the labor share, different identifica-
tion methods, and different information sets. To address concerns about identification of
MP shocks, we use a recursive Cholesky ordering, sign restrictions, and several external in-
struments in the spirit of Stock and Watson (2012) and Mertens and Ravn (2013) to identify
MP surprises.

To analyze whether theories are consistent with these robust stylized facts, we study the
properties of different families of models commonly used in macroeconomics for the analysis
of monetary policy. We first briefly discuss the intuition behind some canonical models to
understand the margins affecting the labor share. We then look at the quantitative properties
of larger models incorporating a combination of different rigidities. We derive measures of
the labor share from the models and look at their response to a MP shock. This is carried out
using a three step approach. We first look at the likelihood that these models can generate
the observed responses obtained in the VAR by using a Prior Sensitivity Analysis (PSA)
approach. Secondly, we identify the key model parameters driving the response of the labor
share, real wages, and productivity using Monte Carlo Filtering (MCF) techniques. Third,

'Ramey (2016), for instance, reviews the available evidence on MP shocks using all the available state of the
art identification techniques in VAR models. However, there is no mention of the impact on real wages and labor
productivity (the components of the labor share).

2The US, the Euro Area, UK, Australia, and Canada.

3Beyond the importance for understanding transmission, these questions are also important to understand
the cyclical redistributive effects of MP at the factor level. Redistributive effects of MP between the owners
of capital and labor can have important consequences. They can affect household income inequality depending
on the structure of capital ownership, and can also lead to inter-generational redistribution as different cohorts
live off changing proportions of labor and profit income. These aspects can have important political economy
consequences, but we do not go as far in this paper.

4We address later the concerns regarding the cyclical composition bias in the measurement of real wages and
productivity discussed, among others, by Basu and House (2016).



once these key parameters are identified, we estimate them by matching the models’ impulse
responses to those of the VAR.

To advance some intuition, it is well known that, in the simplest version of the New-
Keynesian (NK) model (see Gali 2015), the labor share is equal to the inverse of the price
markup (the marginal cost). This makes the labor share pro-cyclical (the price markup is
counter-cyclical) conditional on a MP shock, which is at odds with the empirical evidence we
find here. However, this direct correspondence between the price markup and the labor share
does not necessarily hold in other versions of the model such as those that consider a cost
channel of monetary policy or search and matching frictions. We also consider the role played
by wage rigidities and fixed production costs. In other words, we look at different families of
models that can break the relationship between markups and the labor share, since they are
potentially able to generate labor share dynamics that differ from the canonical NK model.

The key result from our quantitative analysis of models is that there is a mismatch
between data and theory. This is not just a feature of the basic NK model, but carries over
in richer setups widely used for MP analysis. We show that the combination of labor market
frictions, in the form of wage bargaining, and high nominal wage inertia is able to reproduce
the response of the labor share to an unexpected MP shock. However, this comes at the cost
of obtaining counter-factual (counter-cyclical) responses of real wages. Our impulse response
matching estimates show that several models do a reasonable job at matching the responses
of standard macroeconomic variables to an identified MP shock, but they are unable to
reproduce the response of the labor share.

Related literature

Our paper is related to different strands of the literature that focus on the cyclical behavior
of markups and labor market variables conditional on demand shocks.” The discussion in
this section shows that the conditional correlation of the labor share to demand shocks is
still empirically and theoretically an open question. It has to be noted, however, that most
of the related studies below focus on the dynamics of markups. Whilst markups are not
directly observable and require the use models to derive measures, the labor share is directly
observable. Thus, in our approach, we provide an analysis of the conditional correlations of
measured labor shares in the data and their implied behavior in NK models. I.e. we start off
analyzing national accounts based measures and then contrast them with consistent model-
implied measures. Furthermore, our contributions relative to the extant literature below
are twofold: on the empirical side, we provide systematic, robust, as well as cross-country
evidence and, on the theory side, we focus on the role of a wide set of real and nominal
frictions and not only on price stickiness.%

Empirically, Christiano, Eichenbaum, and Evans (2005) showed, only for the US and
in a broader context, how wages and labor productivity respond pro-cyclically to an MP
shock. However, they did not provide direct evidence on the labor share, and their focus
was on the persistence of output and inflation inertia. Nevertheless, the response of wages
is typically not significant in most of the literature. Using individual-level data, Basu and
House (2016) find that wages of newly hired workers and the user cost of labor respond
strongly and pro-cyclically to MP innovations. The reason is that aggregate data on wages
and productivity might be subject to biases due to systematic changes in the composition of

5There is a literature on the cyclical behavior of the labor share conditional on technology shocks such as
Hansen and Prescott (2005), Choi and Rios-Rull (2009), and Ledén-Ledesma and Satchi (forthcoming). However,
our focus here is on the effects of MP innovations.

6King and Watson (2012) study the relationship between unit labor costs and inflation, unveiling a puzzling
disconnect between them that contrasts with the close link implied by DSGE models. Although our focus here is
not on the relationship between inflation and the labor share, our findings could be important to understand their
puzzle.



employed workers over the cycle. This composition bias that might affect aggregate measures
of the real wage and labor productivity cancels out when combining them to construct the
labor share measure.” This argument reinforces the advantage of using the labor share in
aggregate empirical analyses. In our case, since we also find pro-cyclical aggregate responses
of real wages and labor productivity, the composition bias can only reinforce our results (see
section 2.4).

The relationship between the markup, the labor share, and their cyclicality is the focus
of, amongst many others, Bils (1987), Bils, Klenow, and Malin (2018), Gali, Gertler, and
Lépez-Salido (2007), Hall (2012), Nekarda and Ramey (2013) and Rotemberg and Woodford
(1999).

Rotemberg and Woodford (1999) studied extensively the cyclical behavior of real marginal
costs and price markups. They found a pro-cyclical marginal labor cost and show that the
implied counter-cyclicality of markups accounted for a substantial fraction of cyclical output
movements. Gali, Gertler, and Lépez-Salido (2007) expand on the resulting literature on
business cycle and counter-cyclical markups and present a theory based measure of the vari-
ation in aggregate economic efficiency by focusing on the gap between the marginal product
of labor and the household consumption and leisure trade off, the ‘labor wedge’. They show
how this indicator corresponds to the reciprocal of the markup of prices over ‘social’ marginal
costs. The inefficiency gap exhibits large pro-cyclical swings and, under the assumption that
wages are allocational, most of its variation is associated with counter-cyclical movements
in the wage markup hence pointing towards a greater importance of wage rigidities. The
price markup shows, at best, a weak contemporaneous correlation. Under some alterna-
tives to their baseline case, the price markup does move counter-cyclically but movements in
wage markups still dominate the overall fluctuations of the inefficiency gap. More recently,
Barattieri, Basu, and Gottschalk (2014), also find evidence of a greater importance of wage
rigidities while Basu and House (2016), instead, provide evidence against this argument.

Nekarda and Ramey (2013) discuss generalizations of the production function used in NK
models that decouple the price markup from the measured labor share in the data. Using
these theory generalizations as empirical proxies for the markup, they show that the markup
is pro-cyclical or a-cyclical for the aggregate US economy and disaggregate manufacturing
industries. They also show a pro-cyclical response of the markup conditional on demand
shocks. Hence their conclusions, like ours, cast doubts on the standard transmission mecha-
nism of NK models. Our approach differs from theirs because, as mentioned above, we first
obtain evidence from measured labor share from national accounts and then use NK models
from which we derive the behavior of the labor share, real wages, and labor productivity,
and analyze the coherence between their response to an MP shock and that obtained in the
VARs. For that, we make use of a wide variety of NK models introducing several types of
nominal and real frictions. In several of these versions, the relationship between the labor
share and the price markup breaks down. Our evidence also covers a wider range of coun-
tries and different identification schemes, as well as wider information sets. While Nekarda
and Ramey (2013) conclude that refocusing models around wage rigidity may resolve their
empirical inconsistency, we show that, even with wage and labor market rigidities, models
are unable to reproduce the joint behavior of the labor share and its components.®

Finally, Bils, Klenow, and Malin (2018) revive the role of counter-cyclical markups and
sticky prices. They note that criticisms of the counter-cyclicality of the markup are based
on the observation that the gap between average hourly earnings and labor productivity

"The labor share is defined as S* = W/Y/H = WH/Y , where W are real wages, Y is output, and H is hours
worked.

8Hall (2012) also shows that cyclical movements in profit margins can be disconnected from cyclical movements
in the labor share in the presence of other product-market wedges. Increasing profit margins should increase
advertising spending by a large amount but Hall (2012) shows that this is not the case, refuting the hypothesis
that profit margins rise in recessions.



is a-cyclical, suggesting that price markup movements are not cyclical. They argue that
average hourly earnings may not reflect the true marginal cost of labor to the firm. Hence
they seek evidence on cyclical distortions in the product market that does not rely on wage
data for workers. For this, they look at the intra-temporal wedge for the self-employed and
the product market wedge from intermediate inputs. Their finding is that product market
distortions are at least as important as labor market distortions in recent recessions. The
cyclical product market wedge they estimate is compatible with firm sales being constrained
in recessions by a (too high) sticky price.

The counter-factual requirement of NK models that, in order to have a counter-cyclical
markup, a pro-cyclical labor share is necessary, is also discussed by Karabarbounis (2014).
He studies the fluctuations in the labor wedge by decomposing it in two parts: a gap coming
from the difference between the marginal product of labor and the real wage (firm’s wedge)
and a gap coming from the marginal rate of substitution between consumption and leisure
and the real wage (household wedge). Starting from the assumption that, under Cobb-
Douglas, the gap between the real wage and the marginal product of labor is a decreasing
function of the labor share, and that the labor share is counter-cyclical, he observes that the
firm’s first-order condition that the MPL equals the real wage needs to be augmented by a
relatively smooth and pro-cyclical wedge in order to make this condition hold in the data.
Our findings also cast doubts on this counter-factual requirement of NK models.

There are several channels that can break the relationship between the labor share and
the inverse of the markup. As discussed in Nekarda and Ramey (2013), for instance, CES
production functions or the presence of fixed costs of production in the form of overhead
labor would imply that the labor share differs from the the inverse of the markup. Another
simple way of breaking this relationship is the cost channel of MP (see Ravenna and Walsh
2006). If firms need to borrow working capital to pay workers in advance of production, then
changes in interest rates would affect wage costs leading to a cost channel of MP.? However,
the inverse of the labor share and the price markup are not equal in these models because
nominal interest rates have a direct effect on marginal costs. Hence, in the presence of
working capital, there are two contrasting forces: pro-cyclical markups and counter-cyclical
interest rates. Another important channel that breaks the relationship between markups
and the labor share is the existence of search and matching frictions in the labor market (see
Trigari 2006). In these models, wages are determined by a Nash bargaining process between
firms and workers. We show that this set up is able to reproduce the observed response of
the labor share to a monetary policy shock but only when combined with a strong degree
of nominal wage stickiness. If we allow the degree of wage stickiness to be stronger than
price stickiness, in the presence of some positive workers’ bargaining power, real wages will
respond counter-cyclically to a monetary innovation and hence move the labor share in the
right direction. This however comes to the cost of generating a counter-cyclical response of
wages that is at odds with the evidence.

The rest of the paper is organised as follows. Section 2 presents the data, stylised
facts, and key results from the VAR analysis. An extended set of results and robustness is
provided in section D of the Online Appendix accompanying the paper. Section 3 presents
the quantitative analysis on medium scale DSGE models using a three step approach. Finally,
Section 4 concludes.

9Recently, Phaneuf, Sims, and Victor (2015) show that a model with firms networking and working capital
channel can generate a procyclical markup conditional on an MP shock.



2 'THE LABOR SHARE IN THE DATA
2.1 DATA: CONSTRUCTION AND SOURCES

Our data set consists of measures of the labor share, real wages, and labor productivity as
well as a set of other variables that will enter our VAR analysis. Here we focus mostly on
the former three measures and leave most of the detail in Appendices A to C as the other
variables follow standard practice in the literature.

Measuring the share of labor in total income is complicated by problems associated with
how to impute certain categories of income to labor and capital owners. The existence of
self-employment income, the treatment of the government sector, the role of indirect taxes
and subsidies, household income accruing from owner occupied housing, and the treatment
of capital depreciation, are common problems highlighted in the literature. These have been
discussed at length in Gollin (2002), Gomme and Rupert (2004) and Muck, McAdam, and
Growiec (2015). In constructing the labor share data for the US, where data on income
sources is richest, we use 7 different measures. The first and the last are directly taken from
the Bureau of Labor Statistics and measure the labor share in the non-farm business and
in the non-financial corporation sectors, the second to the fourth are based on Gomme and
Rupert (2004), the fifth based on the approach of Cooley and Prescott (1995), and the sixth
is taken from Fernald (2014).1°

For other countries, where available, we will use similar measures. However, data avail-
ability limits the extent to which we can obtain corrected labor share measures and, in many
cases, we work with rough estimates of labor shares. We work with only one measure of
the labor share for the Euro Area and the United Kingdom (compensation of employees
over nominal Gross Value Added at factor costs) while we will use five different measures
for Australia and two for Canada (see figures A2-A3).'! For each country with more than
a proxy for the labor share we use a baseline measure for the empirical analysis below and
present the results for the rest of the proxies in the supplementary Appendix.'?

For real wages in the US, we used nominal compensation of employees deflated by CPI
over hours worked from the database produced by Valery Ramey and updated from the
BLS.!? For the Euro Area, we use hours data from the AWM database. For the rest of the
countries we use hours from the dataset constructed by Ohanian and Raffo (2012). Labor
productivity is calculated as real GDP, using the GDP deflator, over hours worked from the
same databases.

For the rest of the variables in the VAR analysis, as explained below, we use data on Real
GDP, the GDP deflator, an index of commodity prices, CPI, short term interest rates, and
M2 growth. We construct these information sets for the 5 countries under analysis. Since
these are standard, data sources and details are available in supplementary Appendix C.

10 A1l the proxies for the US are plotted in the supplementary Appendix in figure A1l for the post WWII period.
Generally, these measures are highly correlated in levels. In first differences, the correlation between them always
exceeds 0.5. Details in Appendix B.

1 Again, the measures are highly correlated in all cases. Details in Appendix B.

12Where possible we follow Gomme and Rupert (2004) in using as a baseline measure labor share in the non-
financial corporate sector. Neither proprietors’ income nor rental income are included in this sector accounts, thus
avoiding the issues of properly apportioning proprietors’ income to labor and capital or accounting for labor income
in the housing sector. For the US our baseline measure is LS2, labor share in the domestic corporate non-financial
business sector, for Australia we choose the measure LS4, labor share in the domestic corporate sector and for
Canada we choose LS2 in which we imputed mixed income in the same proportion as unambiguous labor and
capital income. These measures are used in the baseline results with the alternative measures presented in the
appendix.

13See http://econweb.ucsd.edu/ vramey /research.html.

14The use of different deflators in the construction of the two components of the labor share is discussed at
length in section 2.4.



Country Sample LS W LP
US 1955Q1-2015Q3  [-0.29 , 0.04] [0.13,0.47]  [0.14 , 0.50]
EA 1999Q1-2014Q4 [-0.91,-0.37]  [-0.34 , 0.46] [0.84 , 0.95]
UK 1971Q1-2016Q1 [-0.41,0.11]  [-0.26 0.19]  [0.19 0.64]
AUS 1959Q3-2013Q4  [-0.23 , 0.12] [ [-0.35,-0.01] [0.13, 0.43]
CAN  1981Q2-2013Q4 [-0.56 , -0.07]  [-0.49 ,-0.04] [0.16 , 0.47]

Table 1: Correlation with HP filtered Output. GMM 95 % Confidence Intervals. Wages and
Labor productivity are HP filtered

Country Sample LS W LP
UsS 1955Q1-2015Q3  [0.28 , 0.60] 0.51,-0.12 0.55, -0.19
EA 1999Q1-2014Q4  [-0.76 , -0.28] [-0.92 , -0.58 0.85,-0.18

AUS 1959Q3-2013Q4  [0.49 , 0.70] 0.67 ,-0.36 0.68 , -0.38

- | [ ]
- | [ ]
UK 1971Q1-2016Q1 [-0.52,0.08] [-0.90 ,-0.79] [-0.94 , -0.82]
- | [ ]
CAN  1981Q2-2013Q4 [0.45,0.72] [-0.91,-0.82] [-0.92,-0.85]

Table 2: Correlation with the policy rate. GMM 95 % Confidence Intervals. Wages and Labor
productivity are HP filtered.

2.2 DESCRIPTIVE STATISTICS

Figure 1 plots the baseline quarterly labor share measures for all the countries under analysis
over the available sample. From the figure, it is evident that it fluctuates systematically in
the short run. Most of the countries display the well-known downward trend since the late
1970s.15 Table 1 presents the 95% confidence intervals for the correlation of the raw labor
share and HP filtered real wages and labor productivity with HP filtered output. Table 2
presents the same correlations but with the short term interest rate. In both cases we use the
full sample available.'® Previous literature has usually found the labor share to be counter-
cyclical, a fact that seems to hold on average in our data. However, that unconditional
correlation is weak except for the Euro Area and Canada.!” Labor productivity appears to
be significantly pro-cyclical for all countries while real wages show a more mixed picture.
Regarding the correlation with the short term interest rate, we find a positive and significant
correlation of the labor share in three of the countries in the sample (US, Australia and
Canada) while we observe a strong and significantly negative correlation in the Euro Area.
For real wages and labor productivity we find a significantly negative correlation with interest
rates in all countries.

Note, however, that these correlations are unconditional and hence reflect the cyclical
effect of any shock hitting the economy. The aim of the next sections is thus to uncover the
cyclicality of these variables conditional on a MP shock.

15 Young (2010) and Lawless and Whelan (2011), among others, have argued that nearly all fluctuations in
the labor share are due to movements in shares within industries and not because of variations in the weights of
different industries.

16The sample for Australia and Canada stops in 2013Q4 because of the availability of the data on total hours
from Ohanian and Raffo (2012).

17"This result is robust across labor share proxies, see appendix B, and different filtering techniques.



2.3 MONETARY POLICY AND LABOR SHARE: VAR RESULTS

2.3.1 Specification of the VAR

As baseline specification, we consider a 7 variables VAR merging part of the information sets
in Olivei and Tenreyro (2007) (OT) and Christiano, Eichenbaum, and Evans (2005) (CEE).
The variables in the information set are: the log of real GDP, the log of the GDP deflator,
the log of an index of commodity prices as in OT, log of the CPI, the log of the labor share,
short term interest rates, and M2 growth.'®

Both OT and CEE included the real wage (and hours worked in the case of OT) in
their information sets. We instead use the labor share for two reasons. First, and quite
obvious, because we are interested in dynamics of factor shares and the real wage is one
of the components of the labor share. Second, aggregate wage changes may reflect changes
in the composition of the labor force over the business cycle.!? Hence, as discussed at
length by Basu and House (2016), data on aggregate wages and labor productivity suffer
from a composition bias that makes them appear to be less pro-cyclical than the wages of
individual workers. As argued by Basu and House (2016), the labor share does not suffer
from this composition bias. We use the labor share in the baseline specification of the VAR
for these reasons. However, when we are interested in the components of the labor share,
in section 2.4, we use real wages and labor productivity separately. This would re-introduce
the composition bias in the VAR. Nevertheless, we can show that, given our results, the sign
of the response of these two variables is not affected by the composition bias. In fact, as
we show below, this bias would reinforce our results. Beyond the sign of these responses,
however, we cannot make assertions about their magnitude.

2.3.2 Baseline VAR Identification scheme: Cholesky

We assume that the joint co-movements of our key macroeconomic variables can be described
by a VAR of order p which takes the following form:

yr = Po+ Pryi—1 + .. Ppy—p + 1 € ~ N(0,%),

where y; is a vector that contains the observable variables and €; is a vector of normal
zero mean i.i.d. shocks with ¥ = E(es€;). ®o, P, ..., P, are matrices of appropriate dimen-
sions describing the dynamics of the system. The reduced form VAR is compatible with
several structural representations where reduced form residuals can be expressed as linear
combination of structural uncorrelated innovations, i.e.

et = Quy,

where QQ' =¥ and E(vv)) = I,. We use several strategies to retrieve the MP shock from
the rotation matrix, 2.

We first identify MP shock using a Cholesky recursive ordering.?’ The Cholesky or-
dering follows the identification assumption that a shock to the policy rate only has an
instantaneous effect on money growth. This implies that all the other variables do not react

18Results using a 9 variables VAR with consumption and investment are qualitatively similar but present a more
pronounced price puzzle, hence the decision to drop them from the information set. See figure D4. Regarding
corporate profits, in earlier versions of this paper we used both the level of corporate profits as in Christiano,
Eichenbaum, and Evans (2005) and the corporate profit share in the SVAR. Results were very robust to the
inclusion of these variables.

9Stockman (1983) and Solon, Barsky, and Parker (1994) have shown that low-paid workers account for a larger
share of labor payments in booms than in recessions.

20The order is the following: the log of Real GDP, the log of GDP deflator, the log of an index for price of
commodities, log of CPI, log of labor share, short term interest rates and M2 growth.



contemporaneously to changes in the interest rate. This implies also that the policy rate
responds contemporaneously to all the macroeconomic shocks hitting prices, real variables
and shares.?!

The sample spans used for each country VAR are summarized in table 3. Lag selection
is guided by the BIC criterion.?? All the VARSs presented in the paper were estimated using
Bayesian methods with Jeffrey priors.

Country Sample
US 1984:QQ1 | 2007:Q4
EA 1999:Q4 | 2011:Q3
AUS 1985:Q1 | 2009:Q4
CAN | 1985:Q1 | 2011:Q1
UK 1986:QQ1 | 2008:Q1

Table 3: Sample periods used in the VAR analysis

Figure 2 reports the responses of all the variables in the information set to a monetary
policy shock (tightening) normalized to a 1% increase in the short term interest rate.?> We
report the median response from the posterior distribution as well as the 68% confidence set.
First, we notice how the shock resembles a monetary policy shock for all the countries. The
price puzzle does not disappear completely in all the countries, with the exception of the
EA. However, it is quantitatively small and non significant for the US. It is more pronounced
and significant in the UK, and Australia. The response of the labor share in every country
is positive and statistically significant. It also appears to be persistent with the possible
exception of the EA.

Furthermore, the response of the shares are also quantitatively relevant. Across all coun-
tries, we observe that the magnitude of the increase in the labor share in percentage points
is at least half of the observed one for output and in some cases even bigger. For example if
we look at the US we observe that the median response of output after 10 quarters is almost
-1% while the increase in the labor sharer reaches a peak of 1.4% at the same horizon. For
the rest of the countries, instead, the labor share responses are about a half of the response
of output.

2.3.3 Robustness: Information set and sample

We carried out several robustness checks on the baseline empirical results presented above
which we summarize here.

First of all, in figures D1-D3 of the appendix, we present the results of the baseline
specification using all the different labor share proxies constructed for the US, Australia and
Canada. Second, we check if the results are robust to modifying the information sets and
samples used. We check if the responses of the labor share carry over if we use the same
information sets as in Olivei and Tenreyro (2007) and in Christiano, Eichenbaum, and Evans
(2005)* separately.

21'We checked whether ordering the labor share after the short term interest rate changes the results. It does
not.

22In particular, we assume 3 lags for Australia, 2 lags for US, UK and Canada, and one lag for the EA.

23 All responses are in % deviations.

24Excluding corporate profits because available measures of profits also contain capital payments and are highly
negatively correlated with the labor share. If we do include either the level or the share of corporate profits for all
the countries under study we obtain IRFs that are the mirror images of the labor share ones.



Furthermore, Basu and House (2016) and Ramey (2016) show that using updated samples
with more recent data to estimate SVARs as in Christiano, Eichenbaum, and Evans (2005),
the impulse response functions change substantially and the price puzzle becomes more
pronounced. Ramey (2016) concludes that the most likely reason for the breakdown in
the later sample is simply that we can no longer identify monetary policy shocks well.
The original sample in CEE was 1965:Q1-1995Q3.2° Thus, we estimate the VAR under
the baseline information set for the original CEE sample and for a full sample ranging from
1965:Q1 until 2007:Q4 for the US. We do this also with the information sets in OT and CEE.
For the other countries, due to data constraints, we cannot perform sub-sample robustness.
We observe a positive and significant response of the labor share in almost all the cases.?S

2.3.4 Alternative Identification scheme: Sign Restrictions

Here, we study the impact of MP surprises on the labor share using an alternative identifi-
cation scheme based on sign restrictions (see Uhlig (2005)). We postulate that a monetary
policy shock

e increases the short term nominal interest rate at t =0, 1,2
e decreases prices, i.e. the GDP deflator and CPI at t = 0,1,2
e induces a contraction in M2 at t = 0,1, 2

This identification scheme imposes a weaker set of restrictions relative to the recursive iden-
tification. Implicit is the idea that a MP tightening should at least raise interest rate, and
depress the price level and monetary aggregates for at least three quarters. While one could
impose more restrictions, these ones are uncontroversial and common to a wide variety of
structural models with different types of frictions. Another way to see it is that, we are
verifying whether the (sign of the) correlation of the LS conditional on a MP shock is stable
across a large set of models with different types of frictions (real, nominal, labor market,
etc.). We generate candidate draws for the rotation matrix satisfying these restrictions using
the algorithm developed in Rubio-Ramrez, Waggoner, and Zha (2010). Figure 3 plots the
results for all the countries. While there are quantitative differences between this and the
Cholesky identification restrictions, the qualitative results are unchanged. That is, after a
MP contraction, the labor share increases for all countries.?” It is important to note that, for
all the countries except the EA, we find that the impact response of output is non-negative,
which is the same result obtained by Uhlig (2005) for the US.

2.3.5 Alternative Identification scheme: External Instrument

We also explore the dynamic transmission of monetary policy shocks to the labor share using
the external/instrumental variable approach as proposed by Stock and Watson (2012) and
by Mertens and Ravn (2013). The basic idea of the structural VAR with external instrument
is that the monetary policy shock in the structural VAR is identified as the predicted value
in the population regression of the instrument on the reduced form VAR residuals. For this
result to hold, the instrument needs to be valid; that is, it needs to be relevant (correlated
with the unobserved monetary policy shock of the VAR) and exogenous (uncorrelated with
the other shocks). This two stage regression allows to recover the the first column of the
rotation matrix €2, and thus to recover impulse responses and transmission mechanism.

25 As noted in Olivei and Tenreyro (2007) only after 1965 did the federal funds rate exceed the discount rate and
hence acted as the primary instrument of monetary policy.

26Table D1 in appendix D.1.2 summarizes the results.

2"The same conclusion applies using different proxies for the labor share. See appendix D.2.
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More formally, let m; be the time series proxy for the unobserved monetary policy shock.
Assume, without loss of generality, that the proxy is linked to the first shock as follows:

E(vymy) = [p,0,...,0],
E(QVtmt) = Q[p, 0,..., 0]/7
E(etmt) = p[Qlla QIQ:N,l]/'

Assuming that the first reduced form shock is related to the observed proxy, we can partition
the two sets of relationship and obtain:

E(easmi)E(ermy) ™! = Q' Qan1,

where the second equation can be estimated using the sample analog since m; is observable,
e; is observable conditional on ® and X, and they are both stationary. This restriction
coupled with the fact that Q€' = X gives rise to a set of equations that, up to a sign
normalization, uniquely pin down the first column of the rotation matrix (see Mertens and
Ravn (2013) for more details).

Our econometric approach works as follows. We draw the reduced-form VAR parameter
values from the posterior distribution assuming a flat prior as in the previous sections. We
then compute the implied reduced-form VAR residuals associated to this draw. We then
isolate the variation in the reduced-form residual of the policy indicator that is attributable
to the proxy. We then regress the remaining reduced-form VAR residuals on the fitted value
of the first regression. This two stage regression allows us to recover the first column of the
rotation matrix, and thus to recover impulse responses and transmission mechanism of the
monetary policy surprises. We repeat this procedure 1,000 times and compute the 68% high
probability density sets.

For the US we use 5 different proxy or instruments for monetary policy surprises. The
first instrument we use is the Romer and Romer (2004) narrative measure of monetary
policy.?® The second instrument is the estimated monetary policy innovations in the Smets
and Wouters (2007) model and spans the period 1959q1-2004q4.2° The third instrument
is the “target” factor of Giirkaynak, Sack, and Swanson (2005), which measures surprise
changes in the target Federal Funds Rate (quarterly sums of daily data, 1990Q1-2004Q4).3°
The fourth instrument is the Gertler and Karadi (2015) measure of monetary policy surprises
and spans the period 1991q1 - 2012q4. It is constructed as the surprise of the current Federal
Funds Rate within a 30 minutes window of the FOMC announcement. The final instrument
is constructed in Miranda-Agrippino (2016) as the component in market-based monetary
surprises that is orthogonal to the central bank’s forecasts about the current and future
economic outlook (see also Miranda-Agrippino and Ricco (2017)).3

Figure 4 reports the dynamic transmission of MP surprises to the US labor share and
other macroeconomic aggregates. Our conclusions about the impact of MP shocks is unaf-
fected: after a MP tightening, the labor share consistently increases. This result is, again,
robust to the labor share measure used (see Appendix D.3).

Z8Romer and Romer (2004) updated series are taken from Miranda-Agrippino and Rey (2015).

29This series is taken from the database of Stock and Watson (2012).

30 Again taken from the database of Stock and Watson (2012).

31For this identification scheme we only focus on the US because we lack good instruments for other countries.
For the Euro Area Jardet and Monks (2014) constructed similar high frequency proxies starting from the 2002.
Given the short sample we cannot use them here. For the UK Cloyne and Hiirtgen (2016) developed a narrative
measure while Miranda-Agrippino (2016) obtain high frequency ones. Although we experimented with these two
measures for the UK, we were unable to identify a shock that resembled a MP shock in terms of the behavior of
output and inflation. This may well be due to the fact that we focus on quarterly frequencies here.
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2.3.6 Sectoral evidence

The results on the aggregate labor share response raise the question whether the observed
response is due to changes in the composition of output from sectors with low to sectors
with high labor shares rather than a change in the labor share within sectors. For this
reason, we provide sectoral evidence on the response of the labor share. We carry out this
analysis for the US economy using both the NBER-CES productivity database for 436 US
manufacturing sectors as well as the Klems database for 30 sectors including agriculture,
manufacturing, and services. For reasons of space, we present this analysis in supplementary
Appendix E. The results confirm a similar pattern to that obtained with aggregate data.
ILe., at the sectoral level, the labor share increases after a contractionary MP shock.

2.4 LABOR SHARE COMPONENTS

In this section, we dig deeper into the transmission mechanism of MP on the labor share
by looking into its different components. A counter-cyclical response of the labor share
conditional on MP shocks can occur either because real wages are more counter-cyclical
than labor productivity or because labor productivity is more pro-cyclical than real wages.
The two scenarios have very different implications for the transmission mechanism of MP
and will prove to be crucial in evaluating the performance of business cycle theories as we
show in the next section. Hence, here we focus on real wages, and labor productivity data.
Furthermore, we look at output and hours separately to understand the determinants of the
behavior of labor productivity.

A crucial aspect here relates to the use of deflators. In the data, real wages are usually
deflated using a different price index (typically CPI) from the one of income or GDP (see
Pessoa and Van Reenen (2013)). To see this, we can look at the definition of labor share (S")
as the ratio between real hourly compensation (W), usually deflated using CPI, and labor
productivity (LP) which is the ratio between real GDP deflated using the GDP deflator and
a measure of hours:

wr W™ HP PCPI
~ Lp pCPlyn p (1)
where W are nominal hourly wages, P¢F! is the CPI, H is hours, Y is nominal GDP and
P the GDP deflator. In most of the theory models, instead, W" and LP have, by construc-
tion, the same deflators and we need take this into account when comparing empirical and
theoretical IRFs.3?

We use the same Cholesky identification assumption as before and we run a VAR under
two different information sets. The first is a 8 variable set that augments the baseline
7 variable VAR by substituting the labor share with (the log of) real wages and labor
productivity.?® In the second specification, we substitute labor productivity with hours. For
the US we now use data for the non-financial corporate sector only for GDP, GDP deflator,
CPI, and Labor Productivity. This is because, as discussed by Gomme and Rupert (2004),
in this sector there are no problems arising from the measurement of proprietors and rental
income. Hence, we can decompose the measure of the labor share in this sector exactly as
in equation (1) and we have access to data for each of its components.3* For the rest of the

Sh

32In two-sector models and open economy models, typically, the GDP deflator and the consumption price deflator
differ. Thus, the dynamics of the real wage may also differ if they are measured using the consumption or the GDP
deflators. Nevertheless, in these models there is a straightforward mapping between model and data quantities.

33The ordering is then: Real GDP, GDP deflator, price of commodities, CPI, real wages, labor productivity,
Federal Funds Rate and M2 growth. CPI in the non-financial corporate sector is constructed by from the data on

real and nominal hourly wages in this sector.

34Details on data sources are available in Appendix C.1.1. The results using data for the aggregate economy

show the same picture.
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countries, however, we do not have access to these variables and hence we use the same data
as before for the whole economy.

Figure 5 plots the individual impulse responses to a monetary tightening for each of the
labor share components in the countries under analysis.?> The first thing to notice from
this figure is that the reduction in labor productivity is significant and persistent (second
column). The magnitude of its decline is always larger than the sum of the effect on real
wages and on the relative price. Hence, the labor share goes up. Regarding real wages, they
fall for the US, Australia, and Canada while their response is not significant for the EA and
the UK. The third column in the figure shows the response of the CPI relative to the GDP
deflator (P¢PT/P). The relative price does not seem to follow any clear pattern in most
countries with the exception of the US, where we observe a significant decline. The last two
columns of the figure show what the driving force behind the reduction in labor productivity
is that output declines more than hours.

The results from this decomposition hence show that the labor share falls because pro-
ductivity falls more than real wages do, and the fall in productivity is driven by a larger
fall in output than in hours worked. Real wages tend to fall on average, but the fall is not
significant in some countries. That is, the results show that the response of real wages is at
least non-positive.

We argued above that one of the advantages of using the labor share is that the com-
position bias in the response of real wages and productivity is alleviated when one takes
their ratio as argued convincingly by Basu and House (2016). However, in this section we
have used them separately to uncover the components of the response in the labor share. It
may be argued, then, that these results are compromised by reintroducing the composition
bias. It is then important to analyze whether, given our results, the composition bias may
invalidate our results.

In order to understand this, we simplify the argument in Basu and House (2016). We
abstract from entry and exit of new workers and matching quality, since these effects would
only reinforce our argument here. Define z; as our measure of aggregate labor productivity
or real hourly wages (W/, LP;). Now assume we can classify workers in a discreet grid of
N levels of “human capital” or skills from lowest to highest, j = 1,..., N. We implicitly
assume that wages/productivity increase with the level of human capital. Then, aggregate
productivity or wages are simply the weighted sum by level of human capital: z; = g0t
where «;; is the weight of hours worked by workers of human capital level j in total hours

worked (aj; = %) It is easy to show that we can decompose that measure in two

terms:
we= Y wiye =T+ Y (w50 — T) (g — ) = i + 6,
j j

where T; and @; are the averages of wages/productivity and the shares of workers of differ-
ent levels of human capital respectively. This expression tells us that observed aggregate
wages or productivity can be decomposed into two components: the un-weighted average
wage/productivity of workers (p), and the covariance between wages/productivity and the
share of workers by level of human capital (6;). The first term is the wage/productivity of
the “representative” worker. The second term tells us about the structure of the labor force:
whether shares are increasing or decreasing in productivity (the skill-composition). Changes
in this term would precisely be related to the composition bias: they tell us whether dur-
ing booms or recessions the composition of the labor force changes. For instance, if during

deflator to compute the “implicit” impulse responses of

35To make sure the decomposition is consistent with the dynamics of the original variables, we used the impulse
responses of wages, productivity, output, and hours to construct the “implicit” impulse response of the labor share
and labor productivity. In all cases, the “implicit” impulse responses matched the ones obtained directly when we
introduce the labor share and labor productivity in the VAR. Also we used the response of the CPI and the GDP

PCPI
P

in the figures.
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booms the share of high productivity workers decreases, then the covariance would fall.

Our interest is in the cyclical evolution of yu; conditional on a MP tightening, since this
is the direct correspondence between data and models in a large class of representative
agent DSGEs. To settle notation, call f(.,¢)ap the impulse response function (IRF) over
t =1,...,T of any variable to a MP tightening. Since the IRF of two additive variables
is also additive, we have that: f(z¢,t)pp = f(ue,t)vp + f(0,t)ap VE. Now suppose, for
simplicity, that the effect of a MP shock on aggregate wages/productivity is zero at all
horizons of the IRF. This implies that: f(u,t)pp = —f(0¢,t)prp. Now, suppose we know
that, in an expansion, the share of low skilled workers increases and it falls in a recession as
discussed in Basu and House (2016). Thus, the change in this covariance is negative during
an expansion. Basu and House (2016) also show that, conditional on a MP shock, the
composition bias changes: the covariance increases (falls) with a MP tightening (loosening).
It immediately follows then that, if the aggregate response is zero, then the “representative
worker” response must be negative with a MP tightening.

Our findings above show that the response of aggregate labor productivity is negative and
aggregate real wages respond at least non-positively (and negatively in most cases). From
the above argument, the response of the representative agent wage/productivity would then
be negative. That is, it will be more negative than the one obtained using aggregate data. If
there is a composition bias and that bias is counter-cyclical, at least we know that the sign
of the response of real wages and productivity is negative.36

As a second cross-check of this argument, we use data on composition bias corrected
measures of wages constructed by Haefke, Sonntag, and Van-Rens (2013) for the US. The
results verify that the different measures of composition bias corrected wages are indeed
more procyclical in response to a MP shock than the ones obtained using aggregate wages.37

3 THEORY

We tackle our second question: are models of economic fluctuations widely used for mone-
tary policy analysis able to jointly match the response of the labor share, real wages, and
productivity?

Intuitively, it is well know that in standard NK models the labor share is equivalent to
the inverse of the price markup (Gali, Gertler, and Lépez-Salido (2007), Nekarda and Ramey
(2013)). This can be seen by rearranging the linear version of the New Keynesian Phillips
curve as in Galf (2015),

g, = Tt~ B)I\EmH’ @)
where 6; represents real marginal costs (inverse of the price markup), 7 is inflation, and A
is the slope. From this expression, it is clear that a temporary decline in inflation (because
of tighter monetary policy, for example) implies a decline in marginal costs (labor share)
and an increase in the markup. This one to one relationship is independent of the presence
factor adjustment costs and nominal wage rigidities and it is true in an economy with and
without capital accumulation provided that the production function is either Cobb-Douglas
or linear in labor.

Several mechanisms commonly introduced in DSGE models can alter the relationship be-
tween the labor share and the markup. For instance, generalising the production function to
the Constant Elasticity of Substitution (CES) family, as in Cantore et al. (2014), introduces

36Note that this is not to say that, from our VAR results, we know the wvalue of this effect, but at least we
do know its sign. Had we found a positive response of wages and productivity, then the true sign would be
indeterminate unless we know the exact magnitude of the composition bias. Also, if the composition bias in wages
and productivity cancels out when constructing the labor share, both the sign and value of this response would be

identified.
3"Details available in section F of the Appendix.
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a wedge between these two variables that depends on labor productivity and the elasticity of
capital-labor substitution. The cost channel of monetary policy (Ravenna and Walsh (2006),
Christiano, Trabandt, and Walentin (2010)) introduces a direct effect of the interest rate on
the marginal costs since firms need to borrow in order to pay in advance all or part of their
labor input costs. In this setup, the markup can indeed become pro-cyclical and help gener-
ate a counter-cyclical response of the labor share. However, this cost channel also introduces
a direct effect of the interest rate on the labor share which works in the opposite direction.
Another way to introduce a wedge between the labor share and the markup is by relaxing
the assumption of equality between the average and marginal wage (Bils (1987), Nekarda
and Ramey (2013)). This is usually implemented through the introduction of fixed costs
in production. Finally, relaxing the assumption of competitive labor markets and assuming
search and matching (Gali (2010), Christiano, Eichenbaum, and Trabandt (2016)) implies
that the real wage is related to the bargaining power of workers. In this setting, wages do
not move only proportionally to the markup and labor productivity anymore.?®

Each of the channels described above could, in principle, help a New-Keynesian model
to match the impulse responses of interest. State of the art medium scale DSGE models
widely used to study the quantitative consequences of monetary policy commonly contain
a combination of these channels. Hence, we proceed by selecting families of DSGE models
that include these ingredients plus the usual nominal and real rigidities present in standard
NK models and compare them against the SVAR evidence from the previous section.

We start from the benchmark DSGE model developed in the seminal paper by CEE. This
is a medium scale model that includes price and wage rigidities, variable capital utilization,
habit formation in consumption, investment adjustment costs, and indexation in both prices
and wages.?> We label this model NK. The second model extends NK by generalizing the
production function to a CES as in Cantore et al. (2015). We label this model NK_CES. We
then consider the role of working capital and hence the cost channel of monetary policy. We
analyzed a version of the Christiano, Eichenbaum, and Evans (2005) model with working
capital. However, because this channel is amplified when there are firm networks and the
working capital channel extends to all inputs in production, we used the model by Phaneuf,
Sims, and Victor (2015) which we label NK_WKN.*® Finally, we consider a medium scale
DSGE model with labor market frictions and alternate offer bargaining developed by Chris-
tiano, Eichenbaum, and Trabandt (2016) (labeled NK_SM). The last two models abstract
from price and wage indexation usually included to match real wage and inflation inertia
but that have been heavily criticised in the literature due to their lack of microfounda-
tions. Moreover NK_SM also abstracts from sticky wages and endogenously generates wage
inertia.4!

In order to ensure comparability, we assume the same Taylor type rule for monetary
policy in each of this models:

re=p"re1+ (L—p")[p"m + pYys] +ef (3)

where r; is the interest rate set by the monetary authority, y; is real output, " is the
monetary policy shock and variables are defined in deviations from their steady state values.

38Supplementary Appendix G provides a detailed discussion of each of these theoretical channels that can

separate the labor share from the inverse of the markup.
39This model is essentially equivalent to the Smets and Wouters (2007) model abstracting from growth.

4ONote that this model has more chances of producing the desired response of the labor share. With the
Christiano, Eichenbaum, and Evans (2005) model augmented with working capital only, results obviously do not

change our conclusions.

41For robustness, we also checked: all the models analyzed in Christiano, Eichenbaum, and Trabandt (2016), a
model with right to manage as in Christoffel and Kuester (2008), and a sticky information model as in Mankiw

and Reis (2007). Results are available upon request.

15



p" is the degree of interest rate smoothness while p™ and p¥ represent the magnitude of the
response of the interest rate to deviations of inflation and output respectively.

Moreover, we follow Christiano, Eichenbaum, and Trabandt (2016) and assume that, in
each model, the monetary policy shock is not in the current (period t) information set of
agents. This ensures that the timing assumptions implicit in the SVAR impulse responses
identified using Cholesky decomposition are comparable with the information set of the
DSGE models.

The response of the labor share in these medium scale models will depend, by construc-
tion, on the specific parameterization chosen. Given the size of these models, it is not possible
to derive analytical expressions that would allow us to discern whether the model is able to
match the responses of the labor share and its components. For this reason, we now turn to
a systematic numerical quantitative analysis. We do this using a three step approach which
we describe below.

3.1 QUANTITATIVE ANALYSIS: A THREE STEP APPROACH

Our objective here is to assess quantitatively the ability of the models discussed above to
replicate the identified MP shock responses of the labor share and its components from
the SVAR. This is done following a three step approach. We first ask whether there are
combinations of model parameters that can, at least a priori, replicate the response of the
variables of interest. Second, we want to identify which parameters, if any, are important to
generate those responses. Finally, we estimate the parameters of interest by minimizing the
distance between the SVAR and DSGE impulse response functions.

In step one, we use Prior Sensitivity Analysis (PSA) (Canova (1995), Lancaster (2004)
and Geweke (2005)) to quantify the likelihood that the model generates a set of signs patterns
that are consistent with those observed in the data. This step will tell us what percentage
of the parameter space of each model is able to generate a positive response of the labor
share (and a negative response of real wages and labor productivity) following a monetary
policy tightening. Step two will make use of Monte Carlo Filtering methods (MCF) (Ratto
(2008)) to determine which parameters are responsible for driving those responses. Step
three, instead, will use Bayesian IRF matching (as in Christiano, Trabandt, and Walentin
(2010) and Christiano, Eichenbaum, and Trabandt (2016)). This will offer us an assessment
of the ability of these models to replicate the joint responses of a set of macroeconomic
variables and the labor share obtained from the SVAR. In particular, which conditional
moments can (or cannot) each model replicate.

3.2 STEP 1: PRIOR SENSITIVITY ANALYSIS

Only in very particular situations can we use analytical mappings between model structural
parameters and the impulse response patterns of models. For most models, these linkages are
blurred by the non linear relationships between the structural and the reduced form solution.
However, Montecarlo techniques allow us to assess the likelihood of a model replicating
certain moments of interest.

As explained by Canova (1995), Lancaster (2004) and Geweke (2005), prior predictive
analysis is a powerful tool to shed light on complicated objects that depend on both the joint
prior distribution of parameters and the model specification. By generating a random sample
from the prior distributions, one can compute the reduced form solution and the model-
implied statistics of interest, e.g. impulse responses. Many replicas of the latter generates
an empirical distribution of the model- and prior-implied statistics of interest.*?> In other

42These techniques have been used to compute the prior sensitivity of fiscal multipliers implied by different
DSGE models, see Leeper, Traum, and Walker (2015) and Féve and Sahuc (2014).
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words, we can assess the likelihood that the model generates a set of sign patterns that are
consistent with those observed in the data conditional on the model and the specification of
priors.

To this end, we attach uniform prior distributions to the parameters of the models pre-
sented above. Table 4 shows the calibration of parameters held fixed while table 5 shows
the bounds of the uniform distributions we attach to all the other parameters.*3 Basically,
we allow for any economically meaningful value of the parameters, even for extreme values
such as full price flexibility.** We then generate a random sample from the prior distri-
butions, compute the reduced form solution, and the model-implied impulse responses of
interest. We repeat this many times and generate an empirical distribution of the model-
and prior-implied impulse responses.

Table 6 summarizes the numerical analysis for each of the models. Numbers in the table
represents the percentage of the prior support that matches all the restrictions imposed on
the impulse response functions. We proceed in steps and first impose only the restriction
that the impulse response of the labor share needs to be positive from quarters two to five
inclusive and then add the same restriction, with opposite sign, to the real wage and labor
productivity. We repeat the exercise by imposing the same restrictions from quarters five to
eight.®®

Looking at the second column we see that each model has a non-negligible portion of
the parameter space able to reproduce the sign of the labor share from quarter two to
five. Yet, for some models, this probability is quite low. This percentage increases when
looking at restrictions over quarters five to eight. As discussed in section 2.4, the labor share
can increase because real wages increase more than labor productivity or because labor
productivity decreases more than real wages. Our empirical analysis suggests that the latter
is the case. When we impose restrictions on wages and labor productivity, the probability
of replicating the full array of sign patterns drops significantly, below 10% (15%) at short
(medium) horizons (columns 3 and 5). As it will become clearer in the next section, the
friction in the model that allows us to match the labor share behavior is the degree of wage
stickiness relative to price stickiness. However, this comes at the cost of mismatching the
response of real wages.

In any case, the results show that there exist a non zero percentage of the parameter
space that is able to match the sign of the impulse responses of the labor share and its
components and, moreover, that this percentage is increasing over the IRF horizon.

3.3 StTEP 2: MONTE CARLO FILTERING

In order to understand the relative importance of each specific friction in driving the above
results we now turn to our second step: finding the parameters that are more important to
generate the response patterns in each model. This question is more subtle compared to the
one above because it requires an inverse mapping. Montecarlo filtering (MCF) techniques
offer a statistical framework to tackle this issue. As described in Ratto (2008), MCF tech-
niques are computational tools that allow us to recover, in a nonlinear model, the critical
inputs that generate a particular model output. In our context, for example, we would be in-
terested in the parameters of a model that are more important to drive a positive (negative)

43For NK_SM model all the parameters not shown in table 4 are calibrated as in Christiano, Eichenbaum, and

Trabandt (2016).

44The only exception to this is the share of intermediate goods in production in model NK_WKN which has a

support up to 0.7. This is due to the fact that, beyond this value, the model does not have a stable solution.

45Note that these restrictions are quite favourable to the models because we only use signs and not specific
magnitudes. Had we used reasonable magnitudes derived from the SVAR results, the outcomes would imply lower

likelihoods.
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movement of the labor share (wages/labor productivity) in response to a contractionary MP
shock.

The literature has mainly focused on sensitivity exercises on calibrated parameters where
the model objects of interest are computed by varying one parameter at a time. The MCF
has clear advantages over calibration sensitivity exercises. First, unlike sensitivity calibration
exercises, all parameters move simultaneously. Second, the Smirnoff test offers, implicitly,
a statistical ranking of parameters from the most to the least influential. Finally, it unveils
important relationships among parameters.*6

Table 7 summarizes the results of this stage and highlights parameters that have a p—
value of the Smirnov statistic lower than the critical value of 0.001 for each model over the
same horizons of table 6.47 Check marks in black identify parameters driving the restrictions
over quarters two to five while red check marks identify the ones responsible over quarters
five to eight. Parameters driving the restrictions over both horizons have a check mark in
red and underlined. Few regularities emerge from this table. First of all, as expected, both
Calvo price and wage parameters are identified as crucial in all models except in NK_SM
where wage inertia is endogenized via labor market frictions generated by the alternate offer
bargaining.

In particular, in frictionless labor market models, positive responses of the labor share
to a MP shock arise typically when there is substantial wage rigidity and when wages are
less flexible than prices. The left panels of Figure 6 report the wage stickiness Cumulative
Density Functions (CDF) in various models when the the labor share IRFs are positive for
2-5 quarters or when they are not. Random draws of the wage stickiness parameter are split
into those that generate a positive response of labor share (in blue) and those that do not
(in red). For each of these two subsets, the empirical CDF is computed. As it stands out,
the two distributions are different. In particular, the support of the blue CDF is between
0.2 and 1 with most of the probability mass located to the right of 0.8. This indicates that
we need a lot of wage stickiness in order to generate a positive response of the labor share
to a monetary policy shock.

Yet, this might not be enough. We also need prices to be more flexible than wages. This
can be seen in the right panels of figure 6, where we plot the combination of random draws
from price and wage stickiness that do (not) verify the labor share IRF in blue (red). In
the northeast corner of the plot, where both prices and wages are rigid, the response of the
labor share to MP shocks tends to be negative (more red dots). As we move towards the
northeast corner (more flexible prices), the likelihood of generating a positive response of
the labor share to a monetary policy shock increases.

In sum, price and wage stickiness parameters are crucial for standard NK models without
labor market rigidities to match the dynamics of the labor share. In the presence of very
sticky nominal wages and relatively more flexible prices, following a monetary tightening,
the real wage increases because prices will decline more than nominal wages. This, in turn,
will lead to an expansion of the share of labor income relative to total income. Hence, the
labor share goes up but for the ‘wrong’ reasons.

There are a number of other parameters that turn out to statistically matter. The price
markup parameter seems to be relevant in all models except NK_CES over both horizons.
This highlights the importance of fixed costs in production: fixed costs are calibrated to
ensure zero entry in steady state and hence their value is directly related to the the price
markup parameter. Also, the elasticity of substitution between capital and labor in the
NK_CES model is identified as an important parameter in driving the restriction in the first
few quarters. The working capital fraction for labor inputs, the curvature of the investment
adjustment costs function, and few parameters related to labor market frictions in NK_SM

46Details in supplementary Appendix H.
4TDetailed results by model are presented in supplementary Appendix H.
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are also key. Other relevant parameters identified are habits in consumption and the interest
rate smoothing parameter in the Taylor rule. These do not always show up as crucial in all
models. However, we adopt the conservative approach that, if any of the parameters has a
significant Smirnov statistic in at least one of the models, it will be estimated in step 3 for all
the models in which that parameter is present. The wage and price indexation parameters
are also estimated as they appeared to be relevant in versions of the working capital model
without firm networking.

In summary, all the channels we had identified as relevant for breaking the relationships
between the labor share and the price markup show up in the MCF analysis. The relative
importance of each of these frictions or mechanisms is crucial also for the transmission of
shocks to variables other than the labor share and its components. This will be important
for next section when we estimate the models to replicate the empirical IRFs.

3.4 STEP 3: BAYESIAN IMPULSE RESPONSES MATCHING

In the previous two steps, we have identified the portion of the parameter space and the
parameters responsible for generating IRFs patterns qualitatively similar to the ones we
identify in the SVAR analysis. The final question is then: are any of these models able
to quantitatively match the response of the labor share and other relevant macro variables
to a MP shock? The answer to this question is not trivial. Since we want to minimize
the distance between model and SVAR IRFs for several variables, it may be the case that
models turn out to be well equipped to match some variables but not others. The answer is
also crucial to understand whether the transmission channels of MP shocks present in these
models are adequate. To do so, we estimate the model parameters using the Bayesian IRF
matching approach advocated in Christiano, Trabandt, and Walentin (2010) and Christiano,
Eichenbaum, and Trabandt (2016).

A few things are worth emphasising here. First, we extend our baseline Cholesky spec-
ification by adding the relative price of investment, capacity utilization, real consumption,
and investment to the set of observables since we want to assess the ability of the model to
reproduce the responses of important macro variables. Second, we do not enter real variables
and price indices in levels as we do in section 2 because here we need to match the IRFs
from stationary models. Moreover, the price level cannot be pinned down in the structural
models and hence we have to match inflation instead.*® Third, for reasons of collinearity
with the labor share, we cannot include hours, real wage, and labor productivity as in Al-
tig et al. (2011) or Christiano, Trabandt, and Walentin (2010). Third, because not all the
models have labor market frictions, we abstract from certain labor market variables included
in Christiano, Eichenbaum, and Trabandt (2016).* Finally, because the VAR contains a
larger set of 11 variables and hence parameters, we increase the sample period and use all
the available data. Since some of the observables are not available for other countries, we
restrict the analysis to the US economy for the sample period 1959Q2 to 2008Q4.° With
this specification, we estimate a Bayesian SVAR with 2 lags and identify a MP shock follow-
ing the same Cholesky recursive identification approach as before where the Federal Funds

48Hence, the information set of the SVAR estimated for IRF matching is the following: A log of the relative
price of investment, A log of Real GDP, A log of GDP deflator, A log of price of commodities, A log of CPI,
capacity utilization, A log of consumption, A log of investment, log of the labor share, Federal Funds Rate, A M2.
Data on capacity utilization and relative price of investment come from Altig et al. (2011). For the Labor Share

we use our baseline proxy LS2.

49Tn the SVAR, results for the labor share are robust to the inclusion of labor market variables and are available

upon request.

50We carried out several sensitivity tests with this specification of the VAR and, as before, the positive response

of the labor share to a MP contraction remains robust.
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Rate is ordered just before money growth.®!

We then estimate each DSGE model by choosing the values of the selected parameters
that minimize a measure of the distance between the SVAR impulse responses and the DSGE
model-based ones. As mentioned above, we use the Bayesian Impulse Responses matching
approach developed in Christiano, Trabandt, and Walentin (2010) to impose economically
meaningful priors on the structural parameters. As we follow closely Christiano, Trabandt,
and Walentin (2010) and Christiano, Eichenbaum, and Trabandt (2016), we refer the readers
to those sources for details on the minimum distance estimator used. The structural models
are estimated by matching the IRFs of the following variables: output, inflation, federal
funds rates, consumption, investment, capacity utilization, and the labor share.

Each model parameter space is partitioned into two subsets. One comprises calibrated
parameters that are held fixed in estimation and the other parameters estimated to minimize
the distance between the SVAR and DSGE models IRFs. Calibrated parameters in this
exercise are the same as in table 4.°2 Table 8 summarizes the priors used in estimation. We
use a Beta distributions for probabilities, habits, interest rate smoothness, working capital
fractions, intermediate shares in production, and matching function share of unemployment.
A Gamma distribution is used for investment adjustment costs, capital utilization, price
markup, Taylor rule responses to inflation and output, and hiring and search costs. Finally,
a Normal distribution is used for the elasticity of capital-labor substitution.?® All priors are
centred around values chosen in line with the literature on Bayesian estimation of DSGE
models.

In Table 9 we report the parameters estimates and 95% confidence intervals. A few
regularities emerge from this table. First, most of the parameter estimates are similar across
models. This is true for habits in consumption, price markup in steady state®® and Taylor
rule coeflicients. Variable capital utilization changes substantially across models. Calvo price
parameters show substantially more stickiness in models without the working capital channel.
What appears to be a common pattern is the higher relative stickiness of wages compared to
prices that the estimation produces across all models with Calvo sticky wages. Moreover, all
except the NK_WKN model present an implausibly high degree of wage stickiness in order
to minimize the distance with the SVAR and the DSGE IRFs. It is also interesting to note
that the fraction of working capital is estimated to be large in the NK_WKN model and that,
in the model with non competitive labor markets, we estimate a high replacement ratio of
60%.

Figure 7 plots the resulting IRFs. It reports, in grey, the 68% confidence bands and
in black the median response from the SVAR while the IRFs from each estimated model
are presented with different colors. All the models are able to reproduce fairly well the
responses of real variables with the possible exception of investment in the first two quarters.
Moreover, inflation persistence is underestimated in all models. What is striking, however, is
the inability all models to reproduce the response of the labor share and capacity utilization,
with the two clearly linked via the effect of MP shocks on labor productivity.?> Only NK_CES
and NK_WKN are able to produce a small positive response of the labor share after a couple
of quarters following the MP tightening. However, the magnitude of the response and the
profile of the IRF is far off the one estimated in the SVAR.

51For details see Appendix I.

52With the addition of the the inverse of the Frisch elasticity of labor supply and the wage markup that, where
applicable, are now calibrated to value equal 1 and 1.2 respectively. Both parameters were not flagged up as

relevant in the MCF analysis.

53Note that the MP shock standard deviation prior is centred around the estimated standard deviation value in

the SVAR.
54Which determines the proportion of fixed costs in production.

55The associated responses of real wages and labor productivity in each model are not reported here but are in

line with the evidence presented in section 2.4.
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The results in figure 7 are in line with the intuitive discussion of the mechanisms present in
these DSGE models. Although these models, with the exception of NK, are able to separate
the dynamics of the labor share and marginal costs, these mechanisms are not well equipped
to generate a dynamic response that is consistent with the one obtained in the SVAR analysis.
From the PSA analysis we know that there is a sub-set of the parameters’ space in these
models that can reproduce qualitatively the positive response of the labor share to a MP
tightening. However, this subset is not selected when the whole model is estimated to match
the IRFs of several variables of interest. In other words, models that can do a reasonable
job at reproducing the dynamic responses of real variables cannot simultaneously match the
dynamics of the labor share.?® This fact sheds doubts on the transmission mechanism of MP
in these models. Furthermore, in estimated DSGE models for policy analysis, it is common
practice to proxy marginal costs with the labor share as an observable (see, for instance, Del
Negro et al. (2013)). However, if we take the robust evidence presented in Section 2 at face
value, then the transmission mechanism assumed with this practice is at odds with the data
behavior which can have important consequences for the estimates of the model parameters.

4  CONCLUSIONS

A key transmission channel of monetary policy shocks in New Keynesian (NK) models works
through the effect of monetary policy (MP) shocks on markups that have direct implications
for the dynamics of the labor share. In its simplest version, the NK model implies that,
after a monetary policy shock, markups increase and the labor share falls. The direct link
between the markup and the labor share, however, breaks down in a variety of models that
introduce different production functions, fixed costs, labor market frictions, and/or a cost
channel of monetary policy. Despite its importance, there is no systematic evidence on the
effect of monetary policy shocks on the labor share. We fill this gap and provide the first
cross-country empirical analysis on the effects of monetary policy on the labor share and its
components (the real wage and labor productivity) for a set of five economies: the US, the
Euro Area, UK, Australia and Canada.

Using state of the art VAR identification techniques our evidence shows that, cyclically,
a monetary policy tightening (easing) increased (decreased) the labor share and decreased
(increased) real wages, and labor productivity during the Great Moderation period for all
countries under study. These facts are robust across time periods, shock identification meth-
ods, information sets, and measures of the labor share.

We then analyze the ability of widely used models for monetary policy analysis to re-
produce these important stylized facts. Unlike the previous related literature that focuses
on the dynamics of the markup, our approach is to obtain measures of the labor share and
its components from models and analyze whether their response to monetary policy shocks
is consistent with the one observed in the data. We analyze standard NK DSGE models
and versions of this model augmented with a working capital channel, different production
functions, and with search and matching frictions. Because of the impossibility of obtain-
ing analytical results, we take a numerical approach that consists of three steps. We first
analyze whether there is a subset of the parameter space of the models that is qualitatively
consistent with the responses obtained in the SVAR. We then select the subset of parameters
that are important drivers of the response of the labor share and its components. Finally,
we estimate these parameters in the different models using impulse response matching and
compare the response of the labor share to an MP shock in the estimated DSGEs with that
obtained in the SVAR.

56To confirm this, we also estimated the DSGE models by matching only the labor share and Fed Funds rate.
In this case, most models can obviously match the labor share, but the response of real variables and inflation is
grossly out of line with the data. See figure I1 in the supplementary Appendix.
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We show that, in the models considered, there is a mismatch between data and theory
which is not just a feature of simple setups such as the basic NK model but carries over in
richer set ups. From steps one and two of our numerical analysis, we show that it is possible
to obtain positive labor share responses to a monetary policy contraction when the degree
of wage stickiness is higher than price stickiness. But this comes at the cost of obtaining
counter-factual (countercyclical) responses of real wages. ILe., the labor share moves in the
“right direction for the wrong reasons”. When we estimate the models using impulse response
matching, we show that the models do a reasonable job at matching the response of real
variables but they cannot match the response of the labor share. That is, models that can
do well at reproducing the dynamic responses of real variables cannot simultaneously match
the dynamics of the labor share in response to a monetary policy shock.
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Description NK NK_CES NK_WKN NK_SM

Discount Factor 0.99 0.99 0.99 0.99
Capital depreciation 0.025 0.025 0.025 0.025
Steady State Hours 0.330 0.330 0.33 -
Unemployment rate - - - 5.5%

Steady State Labor Share 0.670 0.670 0.670 0.670
Fixed cost in production calibrated to ensure 0 profits in steady state
Relative Risk Aversion 1 1 1 1

Table 4: Calibration of parameters held constant in PSA and MCF.

Description NK NK_CES NK_WKN NK_SM

Inverse of Frish Elasticity of Labor Supply U[1,10] - U[1,10]  UJ[1,10]
Investment adjustment costs Ul1,10

—_

—

Habits in Consumption Ul0, 1]
Variable Capital Utilization Ulo,1]
Calvo price stickiness Ul0,1]
Calvo wage stickiness Ulo,1] Ulo, 1] Ulo,1] -

price markup U[1,1.2]
wage markup Ull,1.2] U[,1.2] U[1,1.2] -

Interest rate smoothing Ulo,1]
Taylor rule response to inflation UJ1.01, 5]
Taylor rule response to output Ul0,1]

Price Indexation Ul0,1] Ulo,1] - -
Wage Indexation Ulo,1] Ulo,1] - -
K/L elasticity of substitution - U[0.01, 5] -
working capital fraction (labor) - - Ulo
Intermediate inputs share in production - - Ulo
working capital fraction (capital) - - Ulo
working capital fraction (intermediate inputs) - - Ulo,
technology diffusion - - -
prob. of barg. session determination - - -
replacement ratio - - -
hiring fixed cost relative to output % - - -
search cost relative to output % - - -
matching function share of unemployment - - -
job survival rate - - -
vacancy filling rate - - -

OOOOPOOOI
e e e T T N o e

SSEEESSSSS

Table 5: Uniform Distribution bounds for PSA and MCF.
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Restrictions
2:5 quarters 5:8 quarters
Model | 1Is (+) | Is (+);1p (-); w (-) | Is () [ Is (+); Ip (-); w (-)
NK 30.9% 1.7% 59.7% 13.9%
NK_CES | 11.2% 0.7% 55.1% 4.6%
NK_WKN | 26.5% 9.2% 54.4% 13.3%
NK_SM 6.2% 2.8% 46.0% 13.5%

Table 6: Results from prior sensitivity analysis. Percentage of the prior support that matches
all the restrictions.

Description NK NK_-CES NK_-WKN NK_SM

Relative Risk Aversion
Inverse of Frish Elasticity of Labor Supply
Investment adjustment costs
Habits in Consumption
Variable Capital Utilization
Calvo price stickiness
Calvo wage stickiness
price markup
wage markup
Interest rate smoothing
Taylor rule response to inflation
Taylor rule response to output
Price Indexation
Wage Indexation
K/L elasticity of substitution v
working capital fraction (labor)
Intermediate inputs share in production
working capital fraction (capital)
working capital fraction (intermediate inputs)
technology diffusion
prob. of barg. session determination
replacement ratio
hiring fixed cost relative to output %
search cost relative to output %
matching function share of unemployment
job survival rate
vacancy filling rate

I~
AN
AN
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NS IS
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N
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Table 7: Parameters responsible for matching prior restrictions over quarters 2:5
(black checkmark), 5:8 (red checkmark) and 2:8 (red underlined checkmark).
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Wage Stickiness CDF Price and Wage Stickiness
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Figure 6: The wage stickiness Cumulative Density Function (CDF) on the left panels; in blue
(red) the CDF that does (not) generate a positive response of the labor share. On the right
panels, the combination of random draws from price and wage stickiness that do (not) verify the
labor share IRF in blue (red). From top to bottom, the NK model, the NK_CES model, and the
NK_WKN model.
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Description NK NK_CES NK_WKN NK_SM

Investment adjustment costs I'(8,2)
Habits in Consumption B(0.5,0.15)
Variable Capital Utilization I'(0.5,0.3)
Calvo price stickiness B(0.66,0.1)
Calvo wage stickiness B(0.66,0.1) B(0.66,0.1) B(0.66,0.1) -
price markup I'(1.2,0.05)
Interest rate smoothing B(0.7,0.15)
Taylor rule response to inflation I'(1.7,0.15)
Taylor rule response to output I'(0.1,0.05)
Price Indexation B(0.5,0.15) B(0.5,0.15) - -
Wage Indexation B(0.5,0.15) B(0.5,0.15) - -
K/L elasticity of substitution - N(1,0.3) - -
working capital fraction (labor) - - B(0.8,0.1) B(0.8,0.1)
Intermediate inputs share in production - - B(0.5,0.1) -
working capital fraction (capital) - - B(0.8,0.1) -
working capital fraction (intermediate inputs) - - B(0.8,0.1) -
technology diffusion - - - B(0.5,0.2
prob. of barg. session determination - - - I'0.5,0.4
replacement ratio - - - B(0.4,0.1)
hiring fixed cost relative to output % - - - I'(1,0.3)
search cost relative to output % - - - I'(0.1,0.07)
matching function share of unemployment - - - B(0.5,0.1)
job survival rate - - - B(0.8,0.1)
MP shock stdev I'(0.74,0.05)

Table 8: Priors for Bayesian IRF Matching. Distributions: I' Gamma, B Beta, N
Normal.
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Figure 7: Bayesian Impulse Responses Matching - SVAR vs DSGE models
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Description NK NK_CES NK_WKN NK_SM
Investment adjustment costs 9.22 (5.78-12.84) 12.3 (6.56-18.9) 10.1 (6.55-13.8)  9.93 (6.39-13.6)
Habits in Consumption 0.78 (0.70-0.86)  0.88 (0.83-0.93) 0.81 (0.75- 0.87)  0.81 (0.74-0.87)
Variable Capital Utilization 0.63 (0.13-1.25)  0.93 (0.15-1.81)  0.73 (0.10-1.49)  0.18 (0.02-0.40)
Calvo price stickiness 0.79 (0.70-0.88)  0.78 (0.66-0.89)  0.66 (0.55-0.77)  0.60 (0.50-0.71)
Calvo wage stickiness 0.89 (0.85-0.94)  0.93 (0.90-0.96) 0.77 (0.66-0.86) -
price markup 1.27 (1.18-1.37)  1.20 (1.10-1.30)  1.25 (1.17-1.34)  1.28 (0.19-1.37)
Interest rate smoothing 0.83 (0.80-0.87)  0.87 (0.84-0.91)  0.86 (0.83-0.89)  0.87 (0.83-0.90)
Taylor rule response to inflation 1.73 (1.45-2.02)  1.70 (1.41-2.00) 1.76 (1.49-2.03)  1.74 (1.47-2.03)
Taylor rule response to output 0.10 (0.01-0.19)  0.07 (0.01-0.14)  0.03 (0.01-0.05)  0.04 (0.01-0.07)
Price Indexation 0.63 (0.35-0.90)  0.59 (0.28-0.87) - -
Wage Indexation 0.47 (0.19-0.75)  0.51 (0.22-0.80) - -
K/L elasticity of substitution - 0.67 (0.03-1.23)

working capital fraction (labor)
Intermediate inps share in prod.
working capital fraction (capital)
working capital fraction (intermediates)
technology diffusion
prob. of barg. session determination
replacement ratio
hiring fixed cost relative to output %
search cost relative to output %
matching function share of unemp.
job survival rate
MP shock stdev

0.40-1.00)
0.44-0.70)
0.53-1.00)
0.56-1.00)

0.71
0.58
0.81
0.82

NN N N

0.77 (0.71-0.83)  0.76 (0.70-0.81)  0.75 (0.69-0.81)

0.82 (0.66-0.97)

0.50 (0.12-0.87)
0.50 (0.002-1.27)
0.60 (0.39-0.80)
1.07 (0.52-1.67)
0.05 (0.001-0.14)
0.46 (0.27-0.65)
0.33 (0.19-0.48)
0.75 (0.70-0.81)

Table 9: Posterior mean of the parameters - Bayesian Impulse Response Matching
as in Christiano, Trabandt, and Walentin (2010). 95% HDP interval in parenthesis.
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Online appendix

The Missing Link: Monetary Policy and The Labor
Share

Cristiano Cantore, Filippo Ferroni and Miguel A. Ledén-Ledesma

June 7, 2018

A MAIN DATA SOURCES AND CONSTRUCTIONS
A.1 US

The seven measures used for the US are constructed using data from the BLS and the BEA
NIPA Tables for the time period 1955:Q1-2015:Q3 and are as follows:

1. Labor share 1: Labor share in the non-farm business sector. This is taken directly
from BLS.! The series considers only the non-farm business sector. It calculates the
labor share as compensation of employees of the non-farm business sector plus imputed
self-employment income over gross value added of the non-farm business sector. Self-
employment imputed income is calculated as follows: an implicit wage is calculated as
compensation over hours worked and then the imputed labor income is the implicit
wage times the number of hours worked by the self-employed.

2. Labor share 2: Labor share in the domestic corporate non-financial business sector.
This follows Gomme and Rupert (2004) first alternative measure of the labor share.
The use of data for the non-financial corporate sector only has the advantage of not
having to apportion proprietors income and rental income, two ambiguous components
of factor income. It also considers the wedge introduced between the labor share and
one minus the capital share by indirect taxes (net of subsidies), and only makes use of
unambiguous components of capital income. This approach also takes into account the
definition of aggregate output in constructing the labor share. Usually we use GDP
in constructing measures of the Labor share (as we do for some of the other proxies),
however sectoral studies often use gross value added (GVA) (see Bentolila and Saint-
Paul (2003), Young (2010) and Young (2013)). Valentinyi and Herrendorf (2008) and
Muck, McAdam, and Growiec (2015) show that factor shares in value added differ
systematically from factor income shares in GDP.?2 By considering gross value added
net interest and miscellaneous payments (NI7", NIPA Table 1.14), gross value added
corporate profits (CPJ"", NIPA Table 1.14), net value added (NV A;, NIPA Table 1.14)
and gross value added taxes on production and imports less subsidies (T'az{"", NIPA
Table 1.14) the labor share is thus calculated as:

CP + NI — Tazd""
NV A,

Labor Share 2: LS; =1 —

3. Labor share 3: This approach deals with imputing ambiguous income for the macroe-
conomy and corresponds to the second alternative measure of the labor share proposed
in Gomme and Rupert (2004). The measure excludes the household and government
sectors. They define unambiguous labor income (YY) as compensation of employees,
and unambiguous capital income (YUK ) as corporate profits, rental income, net interest

'FRED series PRS85006173 provided as an index number.
2Although they use annual data.



income, and depreciation (same series as above from NIPA Tables 1.12 and 1.7.5). The
remaining (ambiguous) components are then proprietors’ income plus indirect taxes
net of subsidies (NIPA Table 1.12). These are apportioned to capital and labor in the
same proportion as the unambiguous components. The resulting labor share measure
is:

CE, YUt
CE,+ R+ CP,+ NI, +6 YUK 4 YUL’

. Labor share 4: This is the same as the above Labor Share 8 but not corrected for
inventory valuation adjustment and an adjustment for capital consumption. Using
rental income of persons (without CCAdj) (RI{, NIPA Table 1.12) and corporate
profits before tax (without IVA and CCAdj) (C'Pf, NIPA Table 1.12):

Labor Share 3: LS; =

CE, yUL

Labor Share 4: LS; = = -
abor share "7 CE,+RI}+CP! + NI, +6 YUK +yUL

. Labor share 5: Follows Cooley and Prescott (1995) in dealing with the issue of how to
input mixed income. The labor share of income is defined as one minus capital income
divided by output. To deal with mixed income, they assume that the proportion
of ambiguous capital income to ambiguous income is the same as the proportion of
unambiguous capital income to unambiguous income.

It decomposes total income into two components: ambiguous income (Al;) and unam-
biguous income (UI;). Al is the sum of proprietors income (PI;, NIPA table 1.12),
taxes on production less subsidies (T'ax; — Sub;, NIPA Table 1.12), business current
transfer payments (BCT P, NIPA Table 1.12) and statistical discrepancy (Sdis;, NIPA
Table 1.12). UI; instead can be easily separated into labor income (C'E;) and capital
income (UC1I;) which consists of rental income (RI;, NIPA Table 1.12), net interests
(NI;, NIPA Table 1.12), current surplus of government enterprises (GE;, NIPA Table
1.12), and corporate profits (C'P;, NIPA Table 1.12). Using capital depreciation (d;,
Consumption of fixed capital NIPA TABLE 1.7.5) we can construct the share of capital
in unambiguous income (CSY):

csv = UCLi+6 _ RL+NL+GE+CP+0
Ul RI; + NI, + GE; + CP, + 6; + CE;

Here the key assumption is that the share of capital/labor in ambiguous income is the
same as in unambiguous income,

ACI; = CSY AL.

UCI; + 6, + ACT;
GNP,
where we use Gross National Product instead of GDP (GNP, NIPA Table 1.7.5).
. Labor share 6: Is taken from Fernald (2014) and it’s utilization adjusted quarterly

series. In computing the capital share he assumes that the non-corporate sector has
the same factor shares as the corporate non-financial sector.

Labor Share 5: LS; =1—-CS5; =1 —

. Labor share 7: Labor share in the non-finanical corporation sector. This is taken
directly from BLS (FRED series id PRS88003173 provided as an index number). The
series considers only the non-finanical corporations sector.

. Real wage: Wages and Salaries from NIPA 1.12 deflated by CPI and divided by hours
worked in the total economy from Valery Ramey dataset.

. Labor productivity: Ratio between GDP and total hours from Ramey:.



A.2 OTHER COUNTRIES

We constructed measures of the labor share on a quarterly basis for some countries for which
data were available for a sufficiently long period of time. Those countries are Australia,
Canada, the Euro Area and the UK. For some of these countries, however, data availability
limits the extent to which we can obtain corrected labor share measures and, in many cases,
we work with rough estimates of labor shares. In what follows, we describe the different
measures used for these countries:

1. Australia. Quarterly data for the 1959:Q3-2016:Q1 from the Australian Bureau of
Statistics. Five alternative measures were used. The first two are total wages and
salaries (including social security contributions) over GDP (AUS_LS1) or over total
factor income (AUS_LS2). The third one is one minus gross operating surplus of private
non-financial corporations as a percentage of total factor income (AUS_LS3). Fourth,
one minus gross operating surplus of private non-financial corporations plus all financial
corporations as a percentage of total factor income (AUS_LS4). The last measure is
given by (total income minus surplus of all corporations minus gross operating surplus
of government minus mixed income imputed to capital)/total income (AUS_LS5). For
real wages we divide nominal compensation of employees by the CPI (from Australian
Bureau of Statistics) and the measure of total hours worked constructed by Ohanian
and Raffo (2012). Labor productivity is computed as the ratio between real GDP and
total hours from Ohanian and Raffo (2012).

2. Canada. Quarterly data for the 1981:Q2-2016:Q1 period from Statistics Canada. We
used two alternative measures. First, compensation of employees over total factor
income (GDP corrected by taxes and subsidies) (CAN_LS1) . Second, we imputed
mixed income in the same proportion as unambiguous labor and capital income, and
added it to the previous measure of labor income (CAN_LS2) . For real wages we
divide nominal compensation of employees by the CPI (from Statistics Canada) and
the measure of total hours worked constructed by Ohanian and Raffo (2012). Labor
productivity is computed as the ratio between real GDP and total hours from Ohanian
and Raffo (2012).

3. UK. Quarterly data for the 1971:Q1-2016:Q1 period from the Office for National Statis-
tics (ONS). We used one measure of the labor share: compensation of employees
(DTWM) over gross value added at factor costs (CGCB) (UK_LS). For real wages we
divide nominal compensation of employees by the CPI (from ONS) and the measure
of total hours worked constructed by Ohanian and Raffo (2012). Labor productivity
is computed as the ratio between real GDP and total hours from Ohanian and Raffo
(2012).

4. FA. Quarterly data for the 1999:Q1-2014:Q4 period from the New Area Wide Model
(AWM) Database . We used one measure of the labor share: compensation of employees
over GDP at factor costs. Real wages are given by nominal compensation of employees
divided by the CPI (both from OECD Quarterly National Accounts) and the measure
of total employment from the New Area Wide Model Database. For labor productivity
we take the ratio between real GDP and total employment from the New Area Wide
Model Database.
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Figure A2: Labor share proxies for Australia

All measures of CAN Labor Share
68 -

—¥— LS1
—%— LS2

66

64 j

56 4 x5

R
A

52 & 1 1 1 1 1 3 1 1

1985 1990 1995 2000 2005 2010 2015
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B  DESCRIPTIVE STATISTICS

B.1 DESCRIPTIVE STATISTICS US

Mean | Median | Std_Dev
LS1| 0.74 0.75 0.03
LS2 | 0.72 0.72 0.02
LS3 | 0.71 0.71 0.02
LS4 | 0.71 0.71 0.02
LS5 | 0.65 0.65 0.02
LS6 | 0.67 0.68 0.02
LS7 | 0.73 0.74 0.03
W | 0.00 -0.01 0.15
LP | 0.00 0.00 0.28

Table B1: Descriptive Statistics

LS1 | LS2 | LS3 | LS4 | LS5 | LS6 | LS7 | W LP

LS1 | 1.00 | 0.41 | 0.89 | 0.87 | 0.87 | 0.91 | 0.87 | -0.78 | -0.82
LS2 | 0.41 | 1.00 | 0.33 | 0.30 | 0.34 | 0.64 | 0.75 | 0.11 | 0.10
LS3 | 0.89 | 0.33 | 1.00 | 0.93 | 0.99 | 0.88 | 0.82 | -0.68 | -0.79
LS4 | 0.87 | 0.30 | 0.93 | 1.00 | 0.93 | 0.85 | 0.79 | -0.72 | -0.78
LS5 | 0.87 | 0.34 | 0.99 | 0.93 | 1.00 | 0.88 | 0.83 | -0.63 | -0.76
LS6 | 0.91 | 0.64 | 0.88 | 0.85 | 0.88 | 1.00 | 0.97 | -0.59 | -0.65
LS7 | 0.87 | 0.75 | 0.82 | 0.79 | 0.83 | 0.97 | 1.00 | -0.50 | -0.56
W | -0.78 | 0.11 | -0.68 | -0.72 | -0.63 | -0.59 | -0.50 | 1.00 | 0.96
LP |-0.82 | 0.10 | -0.79 | -0.78 | -0.76 | -0.65 | -0.56 | 0.96 | 1.00

Table B2: Correlations

Bootstrapped GMM
ub b ub b

LS1 | -0.166 | 0.067 | -0.234 | 0.125
LS2 | -0.221 | -0.013 | -0.289 | 0.043
LS3 | -0.176 | 0.051 | -0.249 | 0.122
LS4 | -0.219 | -0.008 | -0.284 | 0.054
LS5 | -0.135 | 0.099 | -0.214 | 0.173
LS6 | -0.130 | 0.081 | -0.192 | 0.146
LS7 | -0.128 | 0.090 | -0.190 | 0.151
W | 0.176 | 0.407 | 0.129 | 0.469
LP | 0.178 | 0.435 | 0.140 | 0.497

Table B3: 95% Confidence Intervals for correlation with Output (HP Filtered). Wages and
Labor productivity are also HP filtered.



Bootstrapped GMM
ub Ib ub b

LS1 | 0.423 | 0.614 | 0.365 | 0.680
LS2 | 0.341 | 0.543 | 0.283 | 0.596
LS3 | 0.220 | 0.448 | 0.152 | 0.530
LS4 | 0.105 | 0.353 | 0.022 | 0.444
LS5 | 0.222 | 0.450 | 0.152 | 0.534
LS6 | 0.493 | 0.653 | 0.448 | 0.703
LS7 | 0.527 | 0.680 | 0.477 | 0.724
W | -0.445 | -0.201 | -0.510 | -0.125
LP | -0.486 | -0.267 | -0.546 | -0.195

Table B4: 95% Confidence Intervals for correlation with Fed Funds Rates (Raw)



B.2 DESCRIPTIVE STATISTICS AUSTRALIA

’ \ Mean \ Median \ Std_Dev ‘

LS1 | 0.50 0.49 0.03
LS2 | 0.56 0.55 0.03
LS3 | 0.83 0.83 0.02
LS4 | 0.79 0.80 0.03
LS5 | 0.70 0.70 0.03
W | 0.00 -0.04 0.35
LP | 0.00 -0.02 0.40

Table B5: Descriptive Statistics

LS1 | LS2 | LS3 | LS4 | LS5 | W LP

LS1 | 1.00 | 0.97 | 0.78 | 0.86 | 0.97 | -0.75 | -0.80
LS2 | 0.97 | 1.00 | 0.82 | 0.85 | 0.95 | -0.64 | -0.71
LS3 | 0.78 | 0.82 | 1.00 | 0.93 | 0.85 | -0.72 | -0.75
LS4 | 0.86 | 0.85 | 0.93 | 1.00 | 0.93 | -0.88 | -0.90
LS5 | 0.97 | 0.95 | 0.85 | 0.93 | 1.00 | -0.80 | -0.85
W | -0.75 | -0.64 | -0.72 | -0.88 | -0.80 | 1.00 | 1.00
LP |-0.80 | -0.71 | -0.75 | -0.90 | -0.85 | 1.00 | 1.00

Table B6: Correlations

Bootstrapped GMM
ub Ib ub b

LS1 | -0.263 | 0.029 | -0.301 | 0.076
LS2 | -0.296 | 0.009 | -0.345 | 0.063
LS3 | -0.235 | 0.015 | -0.284 | 0.052
LS4 | -0.182 | 0.076 | -0.233 | 0.118
LS5 | -0.210 | 0.068 | -0.253 | 0.118
W | -0.302 | -0.023 | -0.342 | -0.009
LP | 0.171 | 0.400 | 0.132 | 0.433

Table B7: 95% Confidence Intervals for correlation with Output (HP Filtered). Wages and
Labor Productivity are also HP Filtered.



Bootstrapped GMM

ub 1b ub b
LS1 | 0.352 | 0.563 | 0.287 | 0.629
LS2 | 0.380 | 0.597 | 0.317 | 0.665
LS3 | 0.332 | 0.511 | 0.270 | 0.570
LS4 | 0.533 | 0.661 | 0.492 | 0.702
LS5 | 0.413 | 0.603 | 0.358 | 0.662
W | -0.610 | -0.424 | -0.675 | -0.363
LP | -0.615 | -0.436 | -0.677 | -0.376

Table B8: 95% Confidence Intervals for correlation with Short term interest rates (Raw)



B.3 DESCRIPTIVE STATISTICS CANADA

’ \ Mean \ Median \ Std_Dev ‘
LS1 | 0.55 0.55 0.02
LS2 | 0.62 0.62 0.03
W | 0.00 -0.03 0.19
LP | 0.00 -0.01 0.22

Table B9: Descriptive Statistics

LS1 | LS2 | W LP
LS1 | 1.00 | 0.97 | -0.61 | -0.69
LS2 | 0.97 | 1.00 | -0.65 | -0.71
W | -0.61 | -0.65 | 1.00 | 0.99
LP | -0.69 | -0.71 | 0.99 | 1.00

Table B10: Correlations

Bootstrapped GMM

ub b ub b
LS1 | -0.408 | -0.066 | -0.521 | 0.031
LS2 | -0.453 | -0.141 | -0.558 | -0.070
W | -0.425 | -0.092 | -0.492 | -0.038
LP | 0.183 | 0.431 | 0.157 | 0.474

Table B11: 95% Confidence Intervals for correlation with Output (HP Filtered). Wages and
Labor Productivity are also HP Filtered.

Bootstrapped GMM

ub b ub b
LS1 | 0.523 | 0.709 | 0.477 | 0.767
LS2 | 0.502 | 0.672 | 0.453 | 0.723
W | -0.891 | -0.838 | -0.906 | -0.822
LP |-0.911 | -0.865 | -0.923 | -0.851

Table B12: 95% Confidence Intervals for correlation with Short term interest rates (Raw)
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B.4 DESCRIPTIVE STATISTICS EA

’ \ Mean \ Median \ Std_Dev ‘
LS | 047 0.48 0.01
W | 0.00 -0.01 0.03
LP | 0.00 0.00 0.03

Table B13: Descriptive Statistics

LS W | LP
LS | 1.00 | 0.41 | -0.13
W | 041 | 1.00 | 0.85
LP |-0.13 | 0.85 | 1.00

Table B14: Correlations

Bootstrapped GMM

LS | -0.773 | -0.412 | -0.907 | -0.375
W | -0.233 | 0.351 | -0.339 | 0.460
LP | 0.842 | 0.934 | 0.839 | 0.950

Table B15: 95% Confidence Intervals for correlation with Output (HP Filtered). Wages and
Labor Productivity are also HP filtered.

Bootstrapped GMM

ub b ub b
LS | -0.663 | -0.367 | -0.759 | -0.283
W | -0.847 | -0.618 | -0.918 | -0.573
LP | -0.705 | -0.302 | -0.848 | -0.179

Table B16: 95% Confidence Intervals for correlation with Short term interest rates (Raw)
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B.5 DESCRIPTIVE STATISTICS UK

’ \ Mean \ Median \ Std_Dev ‘
LS | 0.56 0.56 0.03
W | 0.00 -0.05 0.25
LP | 0.00 0.02 0.21

Table B17: Descriptive Statistics

LS | W | LP
LS | 1.00 | 0.34 | 0.15
W | 0.30 | 1.00 | 0.98
LP | 0.15 ] 0.98 | 1.00

Table B18: Correlations

Bootstrapped GMM

LS | -0.303 | 0.018 | -0.415 | 0.115
W | -0.195 | 0.135 | -0.260 | 0.196
LP | 0.243 | 0.559 | 0.195 | 0.638

Table B19: 95% Confidence Intervals for correlation with Output (HP Filtered). Wages and
Labor Productivity are also HP filtered.

Bootstrapped GMM

ub b ub b
LS | -0.411 | -0.046 | -0.519 | 0.077
W | -0.881 | -0.814 | -0.903 | -0.795
LP | -0.913 | -0.838 | -0.936 | -0.823

Table B20: 95% Confidence Intervals for correlation with Short term interest rates (Raw)
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C VAR DATA SOURCES AND DESCRIPTION
C.1 US

All the variables are downloaded from the FRED database and their series ID is in paren-
thesis unless specified differently. For GDP we use Real Gross Domestic product (GDPC1).
GDP deflator is the implicit price deflator of gross domestic product (GDPDEF). For CPI
we used Consumer Price Index for All Urban Consumers and all Items for US (CPIAUCSL).
For the price of commodity index we used the same CRB SPOT commodity index used by
Olivei and Tenreyro (2007) and downloaded from datastream. Money growth is the M2 for
United states from the IMF database in log difference (MYAGM2USMO052N). Federal Funds
rates are downloaded from FRED database. Time span of our analysis is the great modera-
tion period in US, i.e. 1984Q1 to 2007Q4. We have also performed sensitivity analysis using
GDP and deflator from the Non-Farm business sector and Non-Financial corporate sector
and core CPI of all items excluding energy and we get similar results for the response of
the labor share.! In section 2.4 we also use data on real wages and labor productivity. Real
wages are computed by dividing Wages and Salaries from NIPA 1.12 (A4102C1Q027SBEA)
by hours worked in the total economy from Ramey dataset and the CPI. Labor productivity
is computed as the ratio between GDP and total hours from Ramey. Using real hourly
compensation and hours worked in the non-farm business sector and/or the non-financial
corporation sector does not affect the results.

C.1.1 US non-financial corporate sector data

Data used in section 2.4 different from the ones above are the following. For GDP we
use Nonfinancial Corporations Sector: Real Output (PRS88003043). GDP deflator is the
Nonfinancial Corporations Sector: Implicit Price Deflator (PRS88003143). Instead of CPI
here we use the implicit priced deflator constructed implicitly from Nonfinancial Corpora-
tions Sector: Real Hourly Compensation (PRS88003153) and Nominal Hourly Compensa-
tion (PRS88003103). Labor productivity is Nonfinancial Corporations Sector: Real Out-
put Per Hour (PRS88003093) and Hours Worked in the Nonfinancial Corporations Sector
(PRS88003033).

C.1.2 Bayesian Impulse responses matching

Data on Capacity utilization and relative price of investment are the same used in Altig
et al. (2011).

'Results available upon request.
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C.2 EURO AREA

We take most of the data from the AWM database, where we use the following variables, real
GDP and the GDP deflator, HICP excluding energy (seasonally adjusted) and the Short-
term interest. The price of commodity index is the same used for the US. Money growth is
taken from the IMF database on FRED (MYAGM2EZQ196N). In section 2.4 we also use as
a proxy for real wages nominal compensation of employees from the OECD divided by HICP
excluding energy and the measure of total employment from AWM. For labor productivity
we take the ratio between real GDP and total employment from AWM. Time span of our
analysis in EA is 1999Q1 to 2011Q3.
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C.3 UK

From the ONS we take Gross Domestic Product: chained volume measures: Seasonally ad-
justed (ABMI) and Implied deflator for Gross domestic product at market prices (YBGB).
From the OECD we take the CPI of all items and the short term interest rates. The price of
commodity index is the same used for the US. For Money growth we use UK money supply
standardized from datastrem (UKCMS2..B). In section 2.4 we constructed a proxy for real
wages by dividing nominal compensation of employees by the CPI and the measure of total
hours worked constructed by Ohanian and Raffo (2012). Labor productivity is computed as
the ratio between real GDP and total hours from Ohanian and Raffo (2012). Time span for
our analysis is 1986:Q1-2008:Q1.
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C.4 AUSTRALIA AND CANADA

For Real GDP and its deflator we use data from the OECD quarterly national accounts.
For CPI we used OECD consumer prices of all goods and also the short term interest rates
come from the OECD database.For the price of commodity index we used the same index
used for the other countries. For Money growth we use money supply standardized from
datastrem.In section 2.4 we constructed, from OECD national accounts, a proxy for real
wages by dividing nominal compensation of employees by the CPI and the measure of total
hours worked constructed by Ohanian and Raffo (2012). Labor productivity is computed as
the ratio between real GDP and total hours from Ohanian and Raffo (2012). Time span for
our analysis is 1985:Q1-2009:Q4 for Australia and 1985:Q1-2011:Q1 for Canada.
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D VAR ROBUSTNESS

D.1 CHOLESKY ROUSTNESS

Country | Info set | Sample LS + reponse
Baseline ALL Proxies
CEE 84-07 ALL Proxies
OoT ALL Proxies
Baseline ALL Proxies
US CEE 65-95 ALL Proxies
OoT ALL Proxies
Baseline ALL Proxies
CEE 65-07 All except LS6
oT ALL Proxies
EA Baseline Yes
CEE 99-11 Yes
oT Yes
UK Baseline Yes
CEE 86-08 No
OoT Yes
AUS Baseline ALL Proxies
CEE 85-09 | ALL Proxies except LS3
OoT ALL Proxies
CAN Baseline ALL Proxies
CEE 85-11 ALL Proxies
OoT ALL Proxies
Table D1: VAR Cholesky robustness
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D.1.1 Cross Country all Labor Share proxies
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D.1.2 Information sets and sub-samples robustness
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Figure D5: Impulse Response Function normalized to a 1% increase in the short term interest
rate using recursive Cholesky. CEE information set. All Labor Share proxies US. 1984Q1-2007Q4
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Figure D6: Impulse Response Function normalized to a 1% increase in the short term interest
rate using recursive Cholesky. OT information set. All Labor Share proxies US. 1984Q1-2007Q4
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Figure D7: Impulse Response Function normalized to a 1% increase in the short term interest rate
using recursive Cholesky. Baseline information set. All Labor Share proxies US. 1965Q3-1995Q3
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Figure D8: Impulse Response Function normalized to a 1% increase in the short term interest
rate using recursive Cholesky. CEE information set. All Labor Share proxies US. 1965Q3-1995Q3
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Figure D9: Impulse Response Function normalized to a 1% increase in the short term interest
rate using recursive Cholesky. OT information set. All Labor Share proxies US. 1965Q3-1995Q3
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Figure D10: Impulse Response Function normalized to a 1% increase in the short term interest rate
using recursive Cholesky. Baseline information set. All Labor Share proxies US. 1965Q3-2007Q4
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Figure D11: Impulse Response Function normalized to a 1% increase in the short term interest
rate using recursive Cholesky. CEE information set. All Labor Share proxies US. 1965Q3-2007Q4
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Figure D12: Impulse Response Function normalized to a 1% increase in the short term interest
rate using recursive Cholesky. OT information set. All Labor Share proxies US. 1965Q3-2007Q4
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Figure D13: Impulse Response Function normalized to a 1% increase in the short term interest
rate using recursive Cholesky. CEE information set. Euro Area
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Figure D15: Impulse Response Function normalized to a 1% increase in the short term interest
rate using recursive Cholesky. CEE information set. United Kingdom
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Figure D17: Impulse Response Function normalized to a 1% increase in the short term interest
rate using recursive Cholesky. CEE information set. All Labor Share proxies Australia
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Figure D18: Impulse Response Function normalized to a 1% increase in the short term interest
rate using recursive Cholesky. OT information set. All Labor Share proxies Australia
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Figure D19: Impulse Response Function normalized to a 1% increase in the short term interest
rate using recursive Cholesky. CEE information set. All Labor Share proxies Canada
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Figure D20: Impulse Response Function normalized to a 1% increase in the short term interest
rate using recursive Cholesky. OT information set. All Labor Share proxies Canada
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Figure D21: Impulse Response Functions normalized to a one percent increase in the short term nominal
interest rate using an identification scheme based on sign restrictions. All Labor Share proxies US.
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Figure D22: Impulse Response Functions normalized to a one percent increase in the short term nominal
interest rate using an identification scheme based on sign restrictions. All Labor Share proxies Australia.
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Figure D24: Impulse Response Functions normalized to a one percent increase in the short term nominal
interest rate using an identification scheme based on the Instrumental Variable VAR. Labor Share proxy
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Figure D25: Impulse Response Functions normalized to a one percent increase in the short term nominal
interest rate using an identification scheme based on the Instrumental Variable VAR. Labor Share proxy
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Figure D26: Impulse Response Functions normalized to a one percent increase in the short term nominal
interest rate using an identification scheme based on the Instrumental Variable VAR. Labor Share proxy

LS4.

R&R

[e)

G&K

R ¥ P PoC cPl Ls M2
é\\\ 0 o: u/\ 05 15
5 o%
0 1
4 05
A -10 05 05 05
t% 2 . 15 4 o
15 B
5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20
R Y P PoC cPl Ls M2
’ ° 0 0 ' 02
0
705\/ 05 05
5 05 02
. 04
% B -10 4 0 06
5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20
R Y P PoC cPl Ls M2
N 0 0 05 s 04
o '05\ \/ : 03
-05 B r 1
'S ] 10 05 /\ 02
\\\q s 45 - 05/\ -0.4
20 15 0 -06
5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20
R ¥ P PoC cpl Ls M2
R 05 15 04
0 0 ; | 02
o p 0 0
05 5 05 05 02
\_.‘ -1 - -10 0.4
15 - 0 0.6
5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20
R Y P PoC cPl Ls M2
0 0 0
0 1 02
N o o s\/
N o b 05 0
- 4 0 X 05 02
- - 0 04
\j 15 45 s 45 06
5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20

Figure D27: Impulse Response Functions normalized to a one percent increase in the short term nominal
interest rate using an identification scheme based on the Instrumental Variable VAR. Labor Share proxy
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Figure D28: Impulse Response Functions normalized to a one percent increase in the short term nominal
interest rate using an identification scheme based on the Instrumental Variable VAR. Labor Share proxy
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E SECTORAL EVIDENCE

The results using different measures of the labor share, different countries, and identification
methods, show a robust increase in the labor share after an MP contraction. We now look
at whether this effect is also robust across sectors. L.e., it may be the case that the increase
in the labor share is due to changes in the composition of output from sectors with low to
sectors with high labor shares rather than a change of the labor share within sectors.

To do this, we exploit the cross-section and time-series variation of labor shares at the
disaggregated sector level. Define the (log) labor share for sector i at time ¢ as LSH;;, and
the (cross-section invariant) aggregate monetary policy shock as M P;. We can estimate the
impact of the shock on sectoral labor shares by running the following panel model:

LSH; = a; +ay + pLSH; 41 + 0MP; + €4, (1)

where a; and oy are sector and time-specific fixed effects, and €;; is an error term. The
fixed effects capture unobserved sector characteristics that are time-invariant, whereas the
time-effect captures aggregate time variation in the labor share that is independent of the
sector. Coefficient 6 then captures the contemporaneous effect of the MP shock on the labor
share controlling for past values of the labor share as well as sector and time fixed effects.!
To capture the effect of the MP shock on the labor share after the shock, we estimate:

LSH;vp =i+ apyn + pLSH; pypn—1 + O MP; + € 4 p- (2)

with h = 1,2,3,4. Coefficient 6, then captures the effect of the MP shock at time ¢ on
the labor share ¢ + h periods ahead. The time profile of the 6, coefficients thus gives us an
impulse response for the labor share at the sectoral level.

E.1 DAta

We use two databases for the US economy. The first one is the NBER-CES productivity
database. This annual database covers a highly disaggregated split of the US manufacturing
sector. The second is the Klems database that has a less disaggregated split by sectors but
covers not only manufacturing but all sectors in the economy including services.

The labor share at the sector level is defined as compensation of employees over value
added, which is the only available proxy. After eliminating sectors for which the labor share
exceeded one in any period, we are left with 464 sectors for the CES-NBER database, and
30 sectors for Klems.

The measure of M P; is obtained by aggregating quarterly shocks from the Cholesky
SVAR using aggregate data. We also used the Romer and Romer monetary surprise in-
strument as a cross-check. The sample period is 1985-2007 for the NBER database and
1987-2007 for the Klems database as compensation of employees is only available from that
point onwards.

Pre-tests showed that, using the NBER data, the model displayed heteroskedasticity and
autocorrelation. Hence the standard errors reported are robust clustered standard errors.
For the Klems data, as well as heteroscedasticity and autocorrelation, there were signs
of contemporaneous cross-sectional correlation. Thus, the standard errors are estimated
following Driscoll and Kraay (1998). The error structure is assumed to be heteroskedastic,
autocorrelated up to one lag, and correlated between the sectors. Time effects appeared to
be significant in all specifications. This is consistent with the general fall in the labor share
experienced by all sectors as is evidenced by figure E1. Between 1985 and 2007, the labor
share falls in the manufacturing sector by 10 percentage points.

'With yearly data, a single lag appears to be sufficient to capture the persistence of the labor share. Adding
more lags does not change the results in a significant way.

45



paD

1))
o)

<)

D

D

D

0
GO0
D O

DO
X)

S, 889388838 BlEgttc
o 8 0088088°§§°E§ 2
o o 860 o ° © 2
o ° o 8 S
o (o) [}
en 000080088860 o 0800
[e]
og ggg g 9
8 3]
o
<
IT T T T T
1985 1990 1995 2000 2005

’O LSH —=e@— LSH mean ‘

Figure E1: Average and dispersion of (log) labor shares in the NBER productivity database,
1985-2007.

E.2 REsSuULTS

The results from the estimated 6, for horizons h = 1,...,5 for the NBER database are
reported in figure E2, where ¢; represents the contemporaneous effect. The MP shock leads
to a significant increase in the labor share on impact and a further increase in the second
year. The effect then falls as the horizon increases. Quantitatively, the impact is similar to
that obtained from the aggregate VAR, although slightly less pronounced. The shape is also
consistent with the aggregate results, where the labor share peaks between quarters 5 and
10 after the shock. Figure E3 shows the results using the Romer and Romer proxy. In this
case, the effect is positive, peaks in quarter 3, and quantitatively similar to the aggregate
results. However, the effect at h = 5 is strongly negative, which differs from the results using
aggregate data. Finally, figure E4 presents the results using the Cholesky SVAR proxy for
MP shocks and using the Klems database. The standard errors are larger given the much
smaller sample size. On impact, the effect is not significant, but the labor share increases
one year later and then falls, though not monotonically. The quantitative impact is smaller
than using aggregate data, however, it is still positive and significant one and three years
after the shock. These results, thus, confirm that the increase in the labor share after a MP
contraction is also a feature that occurs within sectors and not the result of cross-sectional
aggregation of sectors with different labor shares.
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Figure E2: Coefficient on monetary policy shock variable (Cholesky VAR) using the NBER man-
ufacturing database (464 manufacturing sectors). Period is 1985-2007. The plot shows the coef-
ficient on the year of impact (¢;) and four years after.
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Figure E3: Coefficient on monetary policy shock variable (Romer and Romer) using the NBER
manufacturing database (464 manufacturing sectors). Period is 1985-2007. The plot shows the
coefficient on the year of impact (¢;) and four years after.
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Figure E4: Coefficient on monetary policy shock variable (Cholesky VAR) using the Klems

database (30 sectors). Period is 1987-2007. The plot shows the coefficient on the year of im-
pact (t1) and four years after.

47



F CoMPOSITION BIAS CORRECTED MEASURES FOR THE US.

Here we present results using the same baseline cholesky specification used in the paper
substituting the labor share in turn with data on aggregate wages in the US and composition
bias corrected measures of wage as constructed by Haefke, Sonntag, and Van-Rens (2013).
The sample is 1984-2006 as their datasets stops in 2006.! For details about data construction
we refer the reader to the original paper of Haefke, Sonntag, and Van-Rens (2013).
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Figure F'1: Impulse Response Functions comparing the response of Aggregate Wages in the US and
composition bias corrected measures for all and newly hired workers.

'In their original dataset there are 4 missing observations in the sample. We interpolate the data but our results
are robust to this interpolation.

48



G THEORY
G.1 THE LABOR SHARE IN NK THEORY

Gali, Gertler, and Lépez-Salido (2007) and Nekarda and Ramey (2013), amongst others,
have discussed extensively the inverse relationship between the labor share and the price
markup in this set up. We review the intuition of this result starting from the simplest
possible NK model here.

We can define the labor share in log-linear deviation from the steady state as

st = 1wy + hy =y, (1)

where w; is the real wage, h; is hours worked and y; is output. We start by assuming perfect
competition in the labor market and hence labor is paid its marginal product. Hence:

wy = 0 +yp — Iy, (2)

where 6; are real marginal costs coming from the assumption of monopolistic competition in
the product market and are not constant given the standard Calvo price staggering setup.
Combining (1) and (2) we get that

S?’ = Ht. (3)
The behaviour of the marginal cost is described by the NK Phillips Curve (PC):

— BE
6, — %, (1)

where A is the slope of the PC and 7 is inflation. A temporary decline in inflation (tighter
MP) will see marginal costs (labor share) decline and markups increase.

This result is quite general and does not depend on nominal wage rigidities, factor adjust-
ment costs,! and financial frictions.? As it is well known, after a MP tightening households
will reduce current consumption given the increase in the real interest rate and, because
prices are not flexible, marginal costs have to decline to ensure that supply follows demand.
As marginal costs will decline more than prices the price markup will increase and hence the
labor share will always be procyclical no matter the assumption on wage rigidity.?

Given that the introduction of nominal wage rigidities alone does not help to get the
right response of the labor share in the NK model, we proceed by looking at two extensions
that can break the equality in equation (3) and at the same time go in the direction of
producing a more pro-cyclical response of labor productivity compared to the one of real
wages, consistent with the empirical results in section 2.4.

'For example labor adjustment costs would introduce a wedge, cl; between the labor share and marginal costs
sh = 6; — cl;. With convex adjustment costs it is easy to show that this wedge will move procyclically on impact
of a MP shock and then counter-cyclically in subsequent periods. It follows from previous equation then that this
could only lead to a procyclical labor share on impact but not in subsequent periods. Derivation details available
upon request.

2In the form of a wedge between the real interest rate and the return to capital.

3Broer et al. (2016) have shown that, in this model, the presence of wage rigidities is crucial in order to get a
transmission mechanism of monetary policy consistent with the data. Their focus is, however, on the response of
the level of profits which can be shown to switch sign when sticky wages are particularly strong. Here, instead, the
focus is on the shares and, in this set up, abstracting from capital, the profit share is exactly the opposite of the
labor share and moves always counter-cyclically given the counter-cyclicality of the markup. Equation (3) shows
that this result is independent of the assumption of wage stickiness.
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G.2 THE LABOR SHARE AND CES PRODUCTION

It is worth noting that the result above is true in an economy with or without capital
accumulation provided that the production function is either Cobb-Douglas or linear in
labor. However, as Gali, Gertler, and Lépez-Salido (2007) and Nekarda and Ramey (2013)
show, a CES production function provides a simple way of introducing a wedge between the
labor share and the marginal costs:

l1—0
SOES — 9, +

(ye — he), (5)

where o is the elasticity of substitution between capital and labor. We consider this specifi-
cation in the NK_CES model of Cantore et al. (2015).

In what follows, for ease of exposition, we will assume that the production function is
linear in labor.* Given a linear production function with labor as the only variable input
(y: = ht) now the real wage is also equal to the labor share and real marginal costs:

wy = st = 6. (6)

G.3 THE LABOR SHARE AND FIXED COSTS IN PRODUCTION

Nekarda and Ramey (2013) also discuss two further production function generalizations that
are able to break down (3): overhead and overtime labor. Both specifications introduce a
wedge between the average wage and the marginal product of labor, which is a necessary
condition to be able to generate impulse responses in line with our empirical evidence.

However the procyclicality of marginal costs still dominates quantitatively the response
of the labor share to a MP shock. Moreover it can be showed that inclusion of fixed costs in
production to ensure no entry in steady state, as usually assumed in DSGE models, acts in
the same way as the presence of overhead labor in production. Consider again a NK economy
with a simple linear production in labor with the presence of fixed costs F: Y; = H; — F. In
log deviations from the steady state the labor share is now:

F
nget—ht?. (7)

Given that hours (output) responds procyclically to a MP shock then the higher % the higher
the wedge between labor share and marginal costs.” Numerical results show that this might
work only on impact and for implausibly high values of g

G.4 THE COST-PUSH CHANNEL OF MONETARY POLICY

The cost-push channel introduces a direct effect of the nominal interest rate (rn;) on the
marginal cost and it has been used in the literature in order to explain the well-known price
puzzle after a MP shock and to reproduce the pro-cyclical price markup documented by
Nekarda and Ramey (2013).

Following the set up of Ravenna and Walsh (2006), we can augment the basic NK model
with Calvo pricing by adding a credit channel and the cost of working capital by assuming
a cash in advance constraint for the firms. The need to finance in advance their working
capital (wage bill) induces need for credit from financial intermediaries.

In this set up, the real wage is now given by

4 Assuming a decreasing returns to scale production function vy, = ah; does not change the results.
5This is also the reason why sometimes estimated DSGE models find a very large proportion of fixed costs in
production (see Smets and Wouters (2007)).
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wy = 0 + yr — hy — rnt.ﬁ (8)
This implies that, in this model, the labor share is given by

wy = sf =0, —rny. (9)

This channel is thus able to break up the link between the labor share and the price
markup. Because the marginal cost now depends on the cost of financing working capital, as
shown in Phaneuf, Sims, and Victor (2015), the markup can become pro-cyclical consistent
with the evidence in Nekarda and Ramey (2013). However, as the nominal interest rate moves
counter-cyclically by definition, the direct effect of rn; in (9) reinforces the pro-cyclicality of
the labour share. Hence we need to rely on numerical simulations to check which of the two
competing effects dominates.

G.5 SEARCH AND MATCHING

We now turn our attention to labor market frictions in the form of search and matching.
While in the paper we use the model of Christiano, Eichenbaum, and Trabandt (2016) that
uses alternate offer bargaining is easier to present here the intuition of this channel using
the more standard Nash bargaining model as in Gali (2010). In this set up, real wages
are not set competitively but are the result of a bilateral Nash bargaining process between
workers and firms, while an aggregate matching function explains the evolution of aggregate
employment. Hence now equation 2 is no longer true and w; # 6; + Ip;. It follows then that
sf = 0;. The dynamics of the labor share will differ since now wages and marginal product
of labor behave differently. Considering only the extensive margin here and again a linear
production function 3; = n; we can see how the labor share is now given by:

8? = Wy 7£ 975. (10)

Hence to generate an increase in the labor share the only possibility is to have a counter-
factual response of wages to a monetary policy shock. Without wage rigidities, it would be
difficult for wages to display a positive response given that the bargaining power of workers
is bounded by one. The combination of both nominal wage and labor market rigidities,
instead, proves to be enough to generate a positive response of real wages. Of course the
introduction of capital and further real rigidities might overturn this result in larger DSGE
model. Once again this can only be checked using numerical techniques as we do in the main
body of the paper.

6This follows the log-Inearization of equation (6) in Ravenna and Walsh (2006).
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H MOoNTE CARLO FILTERING

As in the prior predictive analysis, a random sample of the prior” is drawn and the associated
model-implied statistics of interest are computed. Then, based on a set of constraints (e.g.
rank conditions or signs of impulse responses), a categorization is defined for each MC model
realization as lying either within or outside the target region. The terms behavior (B) or
non-behavior (B) are used in the MCF literature. The B — B categorization is mapped back
onto the input structural parameters, each of which is thus also partitioned into a B and B
sub-sample. Given a full set of N Monte Carlo runs, one obtains two subsets: (¥;|B) of size
n and (¥;|B) of size i, where n +7n = N and ¥;, for i = 1,.., k, are model parameters. In
general, the two sub-samples will come from different unknown probability density functions:
fn(Y;|B) of size n and fr(V;|B) of size .

In order to identify the parameters that mostly drive the DSGE model into the target
behavior, the distributions f,, and f5 are compared for each parameter independently. The
Montecarlo sampling allows us to avoid computing analytical integration over the remaining
parameters. If for a given parameter ¥; the two distributions are significantly different, then
U, is a key factor driving the model behavior and there will be clearly identifiable subsets
of values in its predefined range that are more likely to fall under B than under B. If the
two distributions are not significantly different, then W¥; is unimportant and any value in
its predefined range is likely to fall either in B than under B. Ideally, we are comparing
the supports of the conditional cumulative distribution functions (CDF) of a parameter and
compute the distance under standard statistical metrics. The Smirnov two-sample test (two-
sided version) provides us with a statistical concept of distance. The lower the a associated
to the Smirnoff test, the more likely is to reject the null hypothesis that the CDF(¥;|B)
is equal to the CDF(¥;|B). The B and B subsets can be further inspected through bi-
dimensional projections, in order to detect patterns characterizing two-way interactions.
The standard procedure consists of computing the correlation coefficients p;; between all
parameters under the B and B subsets, and plotting the bi-dimensional projections of the
sample for the couples having |p;;| larger than a significance threshold.

2:5 quarters

Parameter D-Stat | P-value

price markup 0.529 0.000
Calvo price stickiness 0.494 0.000
Calvo wage stickiness 0.420 0.000

Investment adjustment costs | 0.333 0.001

5:8 quarters
price markup 0.187 0.000
Calvo price stickiness 0.187 0.000
Investment adjustment costs | 0.170 0.000
Interest rate smoothing 0.163 0.000

Table H1: Smirnov statistics in driving prior restrictions NK

“Same priors as above are used, see table 5.
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2:5 quarters

Parameter D-Stat | P-value
Calvo wage stickiness 0.842 0.000
Calvo price stickiness 0.632 0.000

K/L elasticity of substitution | 0.519 | 0.001

5:8 quarters
Investment adjustment costs | 0.343 0.000

Interest rate smoothing 0.249 0.000
Calvo wage stickiness 0.238 0.000
Habits in Consumption 0.217 0.000
Calvo price stickiness 0.209 0.001

Table H2: Smirnov statistics in driving prior restrictions NK_CES

2:5 quarters
Parameter D-Stat | P-value
Calvo wage stickiness 0.649 0.000
price markup 0.361 0.000
Interest rate smoothing 0.256 0.000
Wage indexation 0.227 0.000
Calvo price stickiness 0.222 0.000
5:8 quarters
Calvo wage stickiness 0.399 0.000
price markup 0.286 0.000
Investment adjustment costs | 0.207 0.000
Wage indexation 0.201 0.000
Price Indexation 0.193 0.000

Table H3: Smirnov statistics in driving prior restrictions NK_WK

2:5 quarters

Parameter D-Stat | P-value
Intermediate inputs share in production | 0.335 0.000
price markup 0.333 0.000
Calvo wage stickiness 0.296 0.000
Calvo price stickiness 0.240 0.000
working capital fraction (labor) 0.227 | 0.000
habits in consumption 0.166 0.001
Interest rate smoothing 0.165 0.001

5:8 quarters
Intermediate inputs share in production | 0.327 0.000

price markup 0.309 0.000

Calvo price stickiness 0.215 0.000
Calvo wage stickiness 0.213 0.000
Interest rate smoothing 0.202 0.001
Investment adjustment costs 0.189 0.000

Table H4: Smirnov statistics in driving prior restrictions NK_WKN
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2:5 quarters
Parameter D-Stat | P-value
working capital fraction (labor) 0.442 | 0.000
job survival rate 0.429 0.000
price markup 0.419 0.000
matching function share of unemployment | 0.408 0.000
replacement ratio 0.271 0.001
5:8 quarters
price markup 0.281 0.000
working capital fraction (labor) 0.257 | 0.000
Investment adjustment costs 0.235 0.000
matching function share of unemployment | 0.232 0.000
replacement ratio 0.199 0.000

Table H5: Smirnov statistics in driving prior restrictions NK_SM
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I BAYESIAN IMPULSE RESPONSES
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Labor Share
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Figure I1: Bayesian Impulse Responses Matching - Matching only Federal Funds Rates and the

Labor share.
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